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How we crossed continents & conquered the planet 











You could soon have the chance to share your love of physics, 


inspiring the same enthusiasm in the next generation. Start 

a new career teaching physics and you could earn a salary 
whilst you train, or receive a tax-free bursary of up to £30k* 
or a £30k* scholarship provided by the Institute of Physics. 
Applications are now open. Register with us for tailored advice 


and get your teaching career off to the best possible start. 


YOUR FUTURE | THEIR FUTURE Department 
Institute of Physics for Education 


*Conditions apply. Visit education.gov.uk/teachconditions 


Are we alone? It’s one of the biggest 
questions humans have wrestled with 
through the ages. But while this was oncea 
dream, nowitisascientific quest. The 
Breakthrough Initiative is a pioneering new 
search for intelligent life in the cosmos, 
backed by Professor Stephen Hawking. 

At the launch, he pondered what we 
might find: “A civilisation reading one of our 
messages could be billions of years ahead of 
us,” he said. “Ifso, they will be vastly more 
powerful and may not see us as any more 
valuable than we see bacteria.” 

It’s mind-blowing to think what's 


possible in an infinite universe, particularly 


since we believe life began spontaneously 
here on Earth. In this exciting issue, we not 


Meet the team... 


Duncan 

Senior Art Editor 

History’s most gruesome 
inventions... erm, yep, there were 
~ some horrific ones. I’m not going 
~ back to the dentist any time soon! 


Katy 

Production Editor 

If you overdid it on the mince pies 
and turkey this Christmas, head to 
page 40 to see how your insides 
coped and why you didn’t go bang! 


Phil 

Staff Writer 

The jetpack is finally here and 
could be used by the emergency 
services in the near future. Watch 
out for flying firefighters... 








only explain the where, how and why 
behind this project, we also look at how far 
we have evolved asa species. 

It’s taken millions ofyears to get to this 
point, from producing the first stone tools 
and crossing continents, to building the 
enormous telescopes that are searching the 
skies for signs of life as you read this. 

Here’s to another year of exploring, 

a learning and discovery! 
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Editor 


Jackie 

Research Editor 

Two and a half years. I’ve been 
suggesting a humans feature for 
two and a half years. It’s finally 
happened! | can’t quite believe it. 


Briony 

Assistant Designer 

Just when you thought it was safe 
to go back in the water... our 
extreme oceans feature on page 54 
will give you nine reasons not to. 





Jo 

Features Editor 

After writing about stomach- 
churning inventions, | had to 
escape to Disneyland to forget all 
about choke pears and trepanning. 
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What's in store 


Check out just a small selection of the questions 
answered in this issue of How It Works... 
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hostile environments ever 
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e Brutal torture devices 
e Bizarre medical treatments 
e Weapons of warfare 
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Meet the experts... 
Laura Mears Gemma Ella Carter Alexandra Ceri Perkins 
Science expert Laura Lavender In between taking her Cheung For this issue’s 
gives you a lesson in This month, All border collie Dexter to Are snakes ten-page special 





elements. Did you know that we're all 
made of star dust? Find out more 
amazing facts like this on page 30. 


the fundamental 
building blocks of the 
universe - the 
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wells keep the planets in orbit, 
and how we distinguish between 
stars and planets. 


feature, Ceri 

ma journeys back in 

= time to recount 
the incredible story of how 
humans evolved and conquered 
the planet. 


immune to their 
own venom? Why 
do women live 
longer than men? Alex answers 
some of your burning questions 
in this issue’s Brain Dump. 


About Space 
magazine’s Gemma 
tells us how gravity 


agility classes, Ella 
found time to explain 
how there have come 
to be so many breeds of dog (page 
62), and give us around up of the 
most extreme oceans on Earth. 
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Showcasing the incredible world we live in 





The future 
of personal 
submarines 


Explore the depths in the DeepFlight Dragon that 
Na hi(oelonecbeme)ele)s 


Submarines are no longer reserved for 
JOESNICCUANYCcbatc backs bele Belem le)et-Des)0) (sms ls 
DeepFlight’s new craft has made it easy for 
anyone to travel beneath the waves. The Dragonisa 
cross between a submarine and quadcopter, with 
six rotating thrusters that allowit to fly and hover 
Ub ao (=) aviVccltc) omy Malcwsyuende)(sKee)aluae)(openlsr-veBlme) ols) eins 
just like a drone too, so anyone can pilot it without 
needing lengthy training. 

WM alcKeyeloley-bcomDL<1-)0) sored elm DA oM\UEcbatstexcumanlevenineyes 
depth control, battery consumption and oxygen 
flow, so all you need to do is set the dive limit and fly. 
The lithium-iron-phosphate battery allows you to 
cruise for up to six hours between charges and 
operates quietly so you can sneak up on any marine 
wildlife. You and your passenger will be protected 
by the carbon composite chassis and pressurised 
cabin, and if you get into trouble, the sub’s positive 
JoLbCohichalenrarvallmecclOlromimuok-Lelceyastsin(ecvlhi@ilercumerslacane) 
the surface. 

You don’t need much know-how to own a Dragon, 
but you do need deep pockets. The craft is available 
for an eye-watering f1 million ($1.5 million), but the 
good news is that it will fit perfectly on your yacht. # 











006 | How It Works 
































Simple controls make 

the Dragon very easy 

to operate with 
hardly any train 









’ 


: The specs 


Dimensions: 5 x 1.9 x 1.1 metres 
Weight: 1,800 kilograms 
Operating depth: 120 metres 
Cruising speed: 4 knots (7.4km/h) 
Payload: 250 kilograms 


The Dragon is the 
smallest and lightest 
reX=) exe)ar-] Miele) aat-la late 
on the market 


VVAVVAV VALS OAV Yam mViV/0) 4,45) 87-08 le) How It Works | 007 














GEGBAL EYE 








Peg Ace Met ee 


ENE agi: Rg ; 

SOLELY pte 72577 
ARE Coe 13ne 5 ieee “if A 

4 nie fe Gif LS 







Mons ice volcano is * 


: °» “about 160km wide 
ie 7 Keke and 4km high 
ae 
A ul 4 
‘ — 


a 


Pluto goes ee. 
psychedelic 


NASA gives the dwart planet a groovy 
jexbbalm (ele 


While it would be cool if Pluto really was all the colours 
of the rainbow, this image has been falsely coloured 
by NASA scientists. Using a technique called principal 
component analysis, they adapted an image taken by the New 
Horizons spacecraft’s Ralph/MVIC camera to highlight the 
subtle colour difference between Pluto’s distinct regions. It 
shows the incredibly varied terrain of the dwarf planet, 

phate lUCobbatee=Walsrs Dates) ets} elsvom(e/mo)t-Dhemmelcy=)ohei colts) ecesbalomsveleygnn eels 
mountains, as well as what NASA now believes to be ice 
volcanoes that tower four kilometres above the surface. # 








ya] si-meore) (ol0l al laat-le(=Meymm ed [U1ne) 
taken by the New Horizons 
spacecraft during its flyby 


© NASA/JHUAPL/SwRI, Johns Hopkins University Applied 


Physics Laboratory/Southwest Research Institute 
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This Star Trek-style invention 
can move objects using sound 













finally become a reality. Scientists at the 
University of Bristol have invented a device 
that can pick up and move objects using 
sound. Using an array of 64 miniature 
loudspeakers, the device produces high-pitch 
and high-intensity sound waves that createa 
force field around an object to keep it in place. 
By carefully controlling the output of the 
loudspeakers, the shape of the acoustic force 
field can then be manipulated to either move 
or rotate the object. 


Penguin feathers are super- 
hydrophobic, so they don’t 
freeze in icy temperatures 


How penguins 
can prevent; 
plane crashes - 


The natural de-icer on birds’ feathers 
could keep aircraft wings clear . 


Despite the freezing temperatures of their 
Antarctic home, penguins’ feathers never ice over, 
and new research has finally found out why. Near 
the base of their tail, penguins havea gland that 
secretes water-repellent oil over 

their bodies. This, combined 
with the tiny pores found on 
the surface of their feathers, 
means that water droplets roll 
straight off before they have 
time to freeze. Researchers hope ~ 
these findings could be used to 
prevent ice forming on aircraft 
wings, acommon cause of plane . ae or ; 
crashes in winter weather. a baad ‘ a — 
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©Thinkstock; Image courtesy of Asier Marzo, 
Bruce Drinkwater and Sriram Subramanian 
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There’s a device 
to scan food 
ingredients 


A new gadget called Nima can examine 
a food sample for allergenic ingredients 
in minutes. It’s composed of two parts: a 
disposable capsule that holds the 
sample, and a sensor that performs a 
chemical analysis of the food. Currently 
Nima only scans for gluten, but versions 
that detect peanuts, soy and dairy are 
being developed. 


Vampire bats 
donate blood 


Blood-sucking vampire bats are much 
more friendly than they seem, at least if 
you’re a member of their social group. A 
recent study has observed females 
donating blood from their most recent 
meal to hungry members of their colony, 
ensuring that they don’t go without food 
if they’ve been unable to find a meal. It 
looks as if this sharp-toothed species has 
a more complex social life than 


previously thought. 








Sa 














A robot can ace 
exams 


A robot developed by the National Institute 
of Informatics in Japan is smart enough to 
get into university. The Todai Robot 
achieved an above-average score on the 
standardised Japanese entrance exam, 
excelling in maths and history. There’s room 
for improvement in physics, though. 





Some superbugs 
are now totally 
drug resistant 


If all else fails, a group of drugs called 
polymyxins are the fail-safe antibiotics used 
by doctors to treat superbugs. However, 
scientists in China have identified bacteria 
that can fight through this last line of 
defence. Experts are worried that these 
particular strains will contaminate livestock 
and enter our food chain, which could lead 
to a health disaster. 





Pigeoneyes _ 
have a magnetic 
protein compass 


For a long time, scientists have been 
stumped trying to figure out the 
mechanism pigeons use to navigate, but 
new research may solve the mystery. 
Pigeon’s eyes were found to contain special 
magnetic proteins, which align with the 
direction of a magnetic field, just like a 
compass needle. The research was led by a 
team from Peking University, who also 
found this magnetic protein - now named 
MagR - in butterflies and fruit flies. 
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NASA has 
built its own 

‘tricorder’ ¥ 
In the search for alien life, NASA ("8% ? ts . 
has designed the Chemical | ee 


Laptop that acts as an off-planet 1 You can g et bp ai d 


laboratory. It will analyse objects [ 


in space for both amino acids to walk 


and fatty acids - compounds oo - 
that could indicate the presence Bitwalking is the new digital currency from 


of extraterrestrial life. Unlike inventors Nissan Bahar and Franky Imbesi. 
Star Trek’s ‘tricorder’ that could Users can earn one Bitwalking dollar (BW$) 
for every 10,000 steps, and will be able to 
trade these in for cash or spend them online. 
Head to www.bitwalking.com to sign up. 















scan anything alien and identify 
it, NASA’s creation mixes the 
sample with water and heats it 
to over 100 degrees Celsius 4 © 
before examining it. = 
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Newborn 
planet caught 
on camera 


For the first time in history 
astronomers have directly observed 
a planetary birth, in the form of a 
giant gas exoplanet roughly 450 
light years from Earth. The planet’s 
nearest star is called LkCa 15 and is 
only 2 million years old, much 
younger than our Sun, which has 
been around for 4.5 billion years. 
Astronomers will closely monitor 
this planet’s development, and hope 
to learn more as it slowly forms. 


~ et 





Vocal cords can be 


grown in the lab ¢@ London has 
Various injuries or diseases such as cancer can sola r-power ed 


destroy vocal cords, but researchers at the University ‘sma rt benches’ 


of Wisconsin-Madison have produced a lab-grown 
replacement. The team took cells from donated vocal In London’s Canary Wharf, park benches 
cords and applied them to a 3D collagen scaffold. are now offering the public more than 
The cells grew to form functional just a place to sit. A Serbian company 
vocal cord tissue that exhibits the a called Strawberry Energy has designed 
same properties as the _ and installed ‘smart benches’ for the 
real thing. J ~~ general public, which provide a phone 
. é charging station powered by the Sun. 
This innovative seating also provides 
local information, such as listings for the 
.§ nearest theatres and cinemas, and even 
=» Nas anemergency call button. 
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n the iconic March of Progress illustration, 

human evolution is depicted as a single 

flowing process that begins with apes and 
ends with our modern selves. But in truth, our 
evolutionary past is a messier affair, involving an 
assortment of ancestors treading a multitude of 
paths that split, stumble and intersect in 
ambiguous ways. 

When we draw family trees, each end branch 

represents a distinct species — a grouping of 
individuals that are genetically similar enough to 


Hominin family tree 


Get acquainted with your 
long lost cousins 


Australopithecus group 
Species in this group were 
equally at home walking on two 
legs or climbing in trees. 


aCe) aate) 


interbreed. New species evolve through the 
process of natural selection: environmental 
pressures favour some traits over others, which 
causes populations to gradually adapt or diverge 
in order to have a better chance of surviving. 
Despite a fragmentary fossil record, scholars 
have traced the evolution of hominins - that is, 
the group of species including modern humans 
and our ancient bipedal ancestors - back more 
than six million years. But field scientists are still 
uncovering ‘new’ extinct hominins, meaning 













Homo sapiens Homo habilis 


neanderthalensis 


Australopithecus africanus 
Australopithecus garhi 















Australopithecus anamensis 
Australopithecus afarensis 


Piecing 
the puzzle 


Palaeoanthropologists are scientists who peer 
into our evolutionary past. As they try to piece 
together our family tree, their most important 
clues come from fossils - physical evidence of 
ancient hominins, like bones and teeth, which 
help to classify different species. 

In order to reconstruct how species evolved, it 
is crucial to know how old these fossils are. 
However, the commonly used method of 
radiocarbon dating can only be used on 
specimens younger than 40,000 years old. 
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Homo heilderbergensis 
Homo rudolfensis Homo floresiensis 


Homo naledi 


Sahelanthropus tchadensis 
Ardipithecus kadabba 


Ardipithecus ramidus 
Orrorin tugenensis 


Instead, experts look at materials in close 
proximity to the fossils, such as the layers of rock 
they were discovered in. Careful study of local 
geology combined with chemical analysis allows 


fossils and artefacts within the layers to be dated. 


In the last decade, DNA sequencing has 
revolutionised this field. Because genetic 
mutations happen at predictable rates and are 
passed from parent to child, fragments of ancient 
DNA can be compared to our own to reveal secrets 
about our ancestors’ biology and behaviour. 





that our understanding of human evolution is 
itself constantly evolving. 

While we know that modern humans and 
chimpanzees diverged from a common ancestor 
between six and eight million years ago, 
scientists are still striving to find the earliest 
hominin and pin down the moment the two 
lineages split. Above all, they seek to answer the 
most fundamental question in human evolution: 
what sequence of events and adaptations 
occurred to transform apes into humans? & 


Homo group 

This group - which includes modern 

humans - had large brains, used tools, and 
was the first to expand beyond Africa. 


Paranthropus boisei 
Paranthropus robustus 
Paranthropus aethiopicus 





Paranthropus group 

Characterised by their large teeth and 

powerful jaws, this group fed on tough 
plant matter during difficult times. 


Ardipithecus group 
Our closest link to other primates, 
these earliest humans evolved in 
a Africa and took the first tentative 

steps to walking upright. 


Palaeoanthropologists reconstruct 
the evolution of human species by 
studying their fossilised remains 










The Homo genus 





What set our closest relatives apart from earlier human species? 


Every human on the planet today isa member of 
one single species: Homo sapiens. Together with 
our extinct ancestors and closest relatives, we are 
part of the broader genus of Homo, whose 
members all share unmistakably human traits. 
The Homo genus emerged somewhere around 
three million years ago in Africa, when the region 
was home to at least11 species of hominin. The 
oldest Homo fossil - dated at 2.8 million years old 
—was amember ofthe species Homo habilis. Its 
name means ‘handy man’, as it is believed to be the 
omo species identifie 


Discover the characteristic features of some 
of the most prominent members of the genus 
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Evolving brain | 
The brain was small, 
but larger than in 
the Australopithecus 
species, allowing it 
to create the first 
stone tools. 




























Mixed 
| features 
+4 The species had a 

smaller face and 
teeth than earlier 
hominins, but 
retained a 
protruding, 
ape-like jaw. 


body 


walking, with 
long, ape-like 
arms for tree 
climbing. 


Height: 1.1-1.2m Weight: 30-36kg 
Average brain size: 6140cm? 
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Adaptable 


A modern-type 
foot arch, which 
allowed upright 
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first hominin that used stone tools. Although it 
retained many of the ape-like body features of 


earlier Australopithecus, its brain was much larger. 


Tool use and brain size are two of the defining 
characteristics of the Homo genus. The third is an 
upright skeleton that enables walking on two feet. 
Together these changes gave an evolutionary edge 
in exploiting the environment, solving problems, 
and journeying over long distances. 

Our own species is thought to have evolved 
200,000 years ago from the strong, athletic Homo 


Petite skull — = 
The skull was advanced in 
shape, but with a tiny 
brain case; it contained a 
puzzling mix of modern 
and primitive teeth. 
















‘,. useful for climbing 
and hanging in 
trees. 
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Human-like 
i, lower body 
1. & Long, slender leg 

: Hany bones and 


modern-type feet 
enabled an efficient, 
bipedal stride. 


Height: Approx 1.5m Weight: Approx 45kg 
Average brain size: 560 cm? 
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Sturdy | 
skeleton 
H. erectus was 
robust, with similar 
proportions to 
modern humans and 
long legs suited to 
upright walking and 
distance running. @ 
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heidelbergensis. They in turn evolved from Homo 
erectus - one of the most successful hominins in 
history, surviving for two million years. 

Fora long time, scientists have argued over 
whether H. sapiens evolved within Africa before 
spreading around the world (the Out of Africa 
hypothesis) or evolved simultaneously in many 
locations (the multiregional hypothesis). Recent 
studies of DNA suggest we descend from asingle 
population living 150,000 years ago, which heavily 
supports the Out of Africa theory. 


Increased 
brain size 
The brain size 
approached the 
lower limit of 
modern humans’ 





























dimensions. : 
Distinctive 
face 
Apeish eit 
@ upper body with a low 
4 Y The species has i 
: rears forehead and the 

Le primitive shoulders 

first example of 
and curved, eae 
™,. elongated fingers, fleet aoe 


Height: 1.45-1.8m Weight: 40-68kg 
Average brain size: 1,050cm 
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Did humans and 
Neanderthals interbreed? 


a A@) KO Pursxoi(=) al uicj usw] al acelelalexs\em-Bcie-/adllalemal=\u mand ioimlamealcmalelaatela 
evolution story. Recently extracted fragments of Homo 
neanderthalensis DNA showed that 50,000 to 60,000 years ago 
- when they overlapped with modern humans in the Levant as 
they were flowing towards Eurasia - the two species 
occasionally interbred. In fact, the genome of everyone alive 
today who is not of African descent contains somewhere 
between one and four per cent Neanderthal DNA. 

Neanderthals are our closest cousins, having also evolved 
from H. heidelbergensis. Although it is sometimes possible for 
two genetically similar species to have offspring together, some 
scientists were initially sceptical. They argued that the shared 
DNA came from the two species sharing a common - as yet 
unknown - ancestor. Today, leading experts say new, more 
detailed analyses have finally laid the question to rest; some of 
us are just a little bit Neanderthal! 



















Massive, Es) Strong 
oval-shaped Ee \ features 
skull - | The face had a 


thick, rounded 
brow ridge, angled 
cheekbones, anda 
large nose. 


An outwardly 
bulging braincase 
accommodated a 
huge brain. 


Thick trunk 
A funnel-shaped chest 
cavity and upwardly 
flaring hips gave this 
species a shorter, stockier 
body than ours. 
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\ * | Short lower limbs 
QE | The species was heavily 
Ae built, with large joints and 
. \ 







compact lower arms and 
™, legs to conserve heat 
\ during ice age climates. 
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Robust skeleton 
Thick shinbones, complete 
with bony ridges, suggest 
these people were 
strongly built. 









Opposable thumbs 


The grasping hands of our primate ancestors evolved asan 
adaptation to life in the trees. Opposable thumbs - which are 
able to move around and touch the other fingers — and flat 
fingertip pads both help tree-dwellers to grab on to branches 
as wellas hold and manipulate small objects. 

Our modern thumb has changed little since the last 
common ancestor of humans and chimpanzees. It is longer, 
SomIGETSE to finger length, ene any one primate’s thumb, An opposable thttaia 
giving both strength and precision. This helped ourancestors — enables the hand to grip 
gather a wide variety of foods and eventually develop tools. with strength and dexterity 






Reorganised 
skull 

The skull takes the 
’modern’ form: 
thin-walled and 
high-vaulted, with 
a rounded 
braincase that 
houses a very 
large brain. 









































Set 


hee” | retracted face 
\ The face has a high, 
vertical forehead, a 

less prominent nose 
and subtle, divided 
brow ridges. 


Flat face 

The face was notably 
flatter than earlier 
human species, with a 
wide nasal opening, 
sloping forehead and 
arched brow ridges. 
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Leaner trunk 
proportions 
4 The pelvis is narrow and 
deeply curved, and the 
chest is barrel-shaped. 


/ Lightly built 
skeleton 
| The skeleton is 

more delicate than 

; in earlier humans, 

with long legs, 
| slender fingers and 
toes, and lean 
musculature. 
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Tools and 
developal 


How physical adaptations and: 2 
helped advance human species — 


Four major development trends Picking apart the othe: oe eee 
separate humans from apes: developments is more challenging ee 
terrestrialism, which is the move In particular, it isn’t clear what 

from tree-dwelling to ground living; spurred the expansion of the 


JoyhoXexoccUOKsJeeMmmalcec)eDDamaceyenmenleniabars human brain. Mental skills perhaps 








on all fours to walking upright on became more important as a result 
two legs; encephalisation, whichis ofincreasingly complex social 
an increase in brain-to-body mass interactions or the demanding 
ratio; and civilisation — a catch-all icclol ob elo) Koyea (ors V mm elelorcdelmacrepebnaclomne) 
id atchap betel loo lctoucfolents0 me) act babict-10(0)0m j8) Coxe he (e(-eoi ne) eCcmnole)kcmmOyemMelcmolmalsve 
cere) obale) (eyes (er Umm eleeresolm hand, brain enlargement may only 
(oopaebasnbeedlorclaleva-belomeslaedacn have been triggered once easily 
Separating cause from effect in digestible, energy-dense food was 
these areas is tricky and experts available on a regular basis - in 
disagree over the order in which other words, after humans had 


they unfolded. But climate science figured out how to procure and cook 
offers some of the most compelling meat. Homo species’ digestive tracts 


evidence for where it all started. id elcyomolcrers bests) elojans) om eacr-)bercaune) 
Beginning around ten million energy for larger brains and bodies. 
years ago, Africa’s climate altered WKore)eoaat-Ucabaremoy=rer-Deatepsnloyas 
profoundly from lush tropical systematic and the products more 
forests to sparse, open grassland.As uniform; experts speculate that 
food sources became more thinly these increasingly ordered 
distributed, walking on two legs cognitive processes eventually led | 
would have enabled early humans to organised language, symbolic ; 
to forage over long distances and id alo) bred hus balemenqcr-l@hi(2=>.¢0) actc1-) (0) 08 ’ 


even carry provisions for later. With 


reduced vegetation cover, standing # H Giani@ials A gVe : s 


upright would also have helped . i 


keep their bodies cool by reducing b Cen USIN a CO O Is 
the exposed skin surface area, and fo r ‘aie | ed St t A ree 


sanCeniabatcmente) acne) ma elcmolelohausepnelconaal= 


breeze and away from the hot earth. iM) Nl | | OM) UY CUTS ‘ 
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Neanderthals the new 
predatory edge to hunt 





Lethal weapons 





large prey 
Traces of glue - perhaps tree sap or tar - found on Neanderthal-crafted 
stone points suggest that they were once attached to wooden shafts. 
Lashed in place with plant fibres, sinew, or leather, these would have 
made handsome spears, allowing Neanderthals to hunt larger prey 
from a safe distance, perhaps in cooperative groups. 
Phe: oak Er ek . Nie BREE) Ploy tick oy ia ‘ale = ye: eae Erase Ween ne) (2 he te Bi ae it a Be a eo oz | oe fait : TRAE ee. 3 “y Pa 
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- a ee es eT te eo oe dia e coo i —— 
2.6 MILLION ~ ——— -—s-2.6 MILLION so eae <4 ~2.5MILLION =~" \ © ~2MILLION 
_¢YEARS AGO”, YEARSAGO: = =, ees = YEARS AGO ee, « YEARS AGO © tie 
ii avemer-\ waa meymmusvoi alae) (ole hVm '_ Stone tools give access to ened — yAVU iW w=] (0) oid al=\o1Ukw- | id (er-] al Ohs ‘i i oye) [oer] nem celelee-] a=) 
avelanlan(s)ecike)alctow-] ale mere) goio¥-] a=) ave vankexeye SemlaleUleliavemaalst-re ' develops modern, shock- transported to favoured 
used to produce sharp flakes. lige)aamt-lge(em-lallaar-lice absorbing curve in lower spine. resting and eating spots. 
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Culture 


How did early humans make sense of their world? Sadly, 
fossils are silent on the subject of culture - language, 

rituals, music and other forms of symbolic expression. 
But shell beads made in Africa 100,000 years ago and 
40,000-year-old cave drawings in Europe are evidence of 
our ancestors’ impulse to create, express and connect. 


40,000-year-old cave painting of a 
giant deer, in Lascaux, France 
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Early humans learnt to cooperate 
Bivens) alate Meloy al large prey 


Brain size 


In most mammals, brain size is proportional to body size. 
Most primates’ brains exceed this ratio, but around two 
million years ago, our ancestors’ brains started growing 
even larger. At the same time the brain was reordered, 
favouring the growth of some regions, such as those used 
for learning, over others, like those that govern smell. 


Problem solving 


As brain size and complexity increased, early humans 
became better equipped to tackle problems using logic 
and creativity. From tool-making to crossing continents to 
caring for the old and weak, it was this ability to interact 
with one another and the environment in novel ways that 
helped our ancestors survive in an unpredictable world. 
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Communication 


Many species communicate, but full language - with 
rules for combining sounds and words - appears to be 
uniquely human. One reason for this is that humans differ 
from most other primates in the way our larynx - or voice 
box - sits low in the throat. This allows us to shape 
sounds into speech, using our lips and tongues. 

Precisely when and where language originated is 
unknown. The descended larynx evolved around 300,000 
years ago, but experts believe spoken language only 
appeared in the last 100,000 years, probably developing 
out of a more basic ‘proto-language’ comprised of 
gestures and body language in addition to simple sounds. 


Cooperation 


When we work together cooperatively, we tend to 
achieve more in less time and with less effort. The 
same was true of our ancestors. By banding 
together, they could bring down larger animals in 
the hunt, forage a greater variety of foods, 
distribute tasks, defend resources and better 
protect the group from predators. 





Fire 

Harnessing fire was a turning point in human history, but 
the evidence for how and when it happened is sparse and 
hotly contested. 

Charred bones and ash suggest Homo ergaster 
interacted with fire in Africa as early as 1.5 million years 
ago, but whether the fires were wild or intentionally lit is 
a mystery. Better evidence of controlled use appears 
around 800,000 years ago; clusters of scorched 
tool-making debris, burned seeds, and wood mark more 
than a dozen early hearths across a site at Gesher Benot 
Ya’aqov in Israel. 

Campfires not only provided warmth and protection 
from night-time predators; they also enabled food to be 
cooked, making it more digestible, and potentially 
influencing human brain evolution. 
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Oase Cave, Romania Grotta del Skhul and 


40,000 years ago Cavallo, Italy __ Qafzeh, Levant 
A human face found in an ancient § 43-45,000 P= 100-120,000 
' cave indicates early Europeans years ago years ago 





travelled from the Levant via the Two infant teeth were Skeletons and burned 
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citizens of the world 


In our brief 200,000 years on Earth, 
Homo sapiens - unlike any of the 
human species before us — has 
managed to colonise the entire 
globe. But we were not the first to 
venture beyond Africa. Some of our 
ancestors took those initial steps at 
least1.8 million years ago. 

The first waves of adventurous 
hominins travelled east towards 
Asia, before eventually moving 
westandnorthintoEurope.Homo 
erectus spread throughout Asia, 
reaching as far south as Java, and 
Homo heidelbergensis dispersed 
through both Asia and Europe. 

As for our own species, all 
evidence suggests that we lived in 
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The Bering 
Land Bridge 
Siberia Homo sapiens We know from archaeological evidence that 
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wastelands of Siberia and northern Alaska are 
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known as the Bering Strait. 

But towards the end of the last Ice Age, around 
AOR 01010 RV(-1-] a-er-le (ome pate)alelaat=lale-]mexe)aidiatcialie) 
. ee. _ ; ew? ” .. glaciers locked up so much of the Earth’s water 
° a Raa re Oe Oe ‘i that sea levels were almost 100 metres lower than 
: = es, . ao? ET Aye il they are today. A broad swath of exposed land 
connected northeast Eurasia with northwest 
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are believed to have journeyed into North America 
via this ‘land bridge’, perhaps even living for a time 
in the now submerged province known as Beringia. 
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in North America, although 
evidence is mounting that 
humans arrived 2,000-3,000 
years earlier. 





Niah Great Cave, Borneo 
40,000 years ago 

ecccccccccccccecccceee: Deep Skull’ - one of several Homo 
sapiens remains found in this area 
- belonged to a 15-year-old girl. 
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Unlike their cousins in the Northern Hemisphere, the first 
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urviving adversity 


How modern humans overcame 


threats and evaded extinction 


After over six million years of human evolution, 
Homo sapiens is the only species left standing. 
What is the secret to our success? Scientists 
believe it lies in our adaptability, our capacity for 
abstract thought and our ability to cooperate. 

Indeed, no other animal species has adapted 
to as wide a range of habitats and such 
divergent pursuits as modern humans. As 
successive waves flowed out of Africa and 
dispersed throughout the world, we learned in 
each new place how to find and eat local food 
and to survive different climate conditions. 

We could not have done this without 
technological ingenuity, nor without the 
cultural transmission of ideas - the ability to 
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Nigterce|Clalarem-malnats ae 
dramatic climate change. 


mimic one another, communicate concepts, 
and learn new skills. This allows the work of 
the most skilled or intelligent to benefit entire 
populations, instead of forcing each new 
generation to re-invent the wheel. 

These characteristics made us resilient in the 
face of change. During the Ice Age winters of 
15,000 years ago, for example, modern humans 
in eastern Europe came up with clever ways to 
cope with the cold. By sewing clothes from 
animal hides, building shelters from mammoth 
bones, preserving dwindling food supplies in 
the permafrost and using fire to keep warm, 
they were able to ride out the tough times 
together and ensure the survival of the species. 
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A thriving 
species 


How soil, society and science 
elevated modern humans 


The moment when modern humans 
transitioned from merely surviving to 
convincingly thriving happened somewhere 
around 12,000 years ago, coinciding with the 
advent of agriculture. 

For millions of years leading up to this time, 
early and modern humans alike were 
preoccupied with foraging, hunting and 
scavenging food. But once we discovered that 
we could control the growth and breeding of 
certain plants and animals, we quickly became 
farmers and herders. 

As these practices gained momentum, 
settlements began to form around them. These 
grew from villages to towns to cities as food 
became more plentiful. Within them, the 
human population began to explode, 
eventually reaching levels where we were 
unlikely to be wiped out by anything less than 
a global catastrophe. 

Cities became the focus of social interaction, 
idea exchange and technological innovation. 
The ballooning population allowed knowledge 
and creative expression to flourish, as 
individuals were able to specialise and learn 
from each other. 

Over centuries and millennia, the rate of 
progress has continued to accelerate and 
innovations — from the printing press to the 
Internet, from surgery to vaccines, from the 
wheel to global air travel - continue to make our 
lives longer, safer and more rewarding. 





Humanity’s vast accumulation of 
medical expertise keeps us 
healthier than ever before 
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Hours of data 
The telescopes will spend thousands of-hours 








Parkes Telescope 
aM alksmoy4colaaisida=m ante)’s-]0)(=4 e-lelle) 
A telescope is located in New 
ar South Wales, Australia. 
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to tens of hours in previous projects. 


n this possibly infinite universe, could Earth 

truly be the only inhabited planet? Are we 

really that special, or is the universe 
actually teeming with life? Could there be 
advanced civilisations out there trying to make 
contact right now? In July 2015, Russian 
entrepreneur Yuri Milner and renowned 
physicist Stephen Hawking announced an 
ambitious new initiative to search for 
communications from advanced alien worlds. 
Breakthrough Listen is described by the 
National Radio Astronomy Observatory as “the 
most powerful, comprehensive, and intensive 
scientific search ever for signs of intelligent life 
in the universe”. 

The initiative has set aside $100 million (£66 

million) over ten years to listen for signals from 
the nearest million stars in the Milky Way, and 
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from the nearest hundred galaxies around us. 
Led by a team of internationally renowned 
experts that includes Astronomer Royal, Lord 
Martin Rees, the project will use some of the 
world’s largest and most powerful telescopes. 
The search is based on the idea that among the 
hundreds of billions of stars in our close 
galactic neighbourhood, there are thousands of 
planets similar to our own. With the right 
environment and optimal chemistry, many 
scientists believe that life could evolve on some 
of these distant Earths. 

If life exists on other planets, so too might 
intelligent life, who like us, could be interested 
in exploring the universe around them, and in 
making contact. This is not the first time that 
Search for Extraterrestrial Intelligence (SETI) 
experiments have been attempted. Dr Frank 





* Located in West Virginia, this is the 













Green Bank Telescope i 


Felae(=ssi mm pale)¥é<] 0) (i e-[el| (OM u=) (=s-1ee) loan ts : 
the world, with a 100-metre dish... ~. - ae 








Search time 
The Green Bank telescope will spend 20 
per cent of its time hunting for alien = 
civilisations, while the Parkes Telescope * 
will dedicate 25 per cent. 


Automated Planet Finder Telescope: 
The Lick Observatory in California will hunt for 
optical laser messages in case they are being 
used instead of radio signals. 





lp 





Drake, author of the Drake Equation and one of 
the scientific leads on the Breakthrough Listen 
project, was among the first to start scanning 
for extraterrestrial life back in1960. The 
Breakthrough Initiative builds upon more than 
50 years of experience, allowing the team to 
look further and wider than ever before. 

So far, we have no proof that life has ever 
existed on any planet other than Earth, but if 
we can find just one example elsewhere, it will 
completely change the way that we view the 
universe. As Frank Drake said at the 
Breakthrough launch, “Right now there could 
be messages from the stars flying right through 
the room, through us all. That stillsendsa 
shiver down my spine. The search for 
intelligent life is a great adventure. And 
Breakthrough Listen is giving it a huge lift.” @ 
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One of the first promising signals detected by a SETI experiment was actually from an American Ue spy plane 
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for signs of intelligent life. 
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The search for sin nl 
intelligent life ! 


right) Martin Rees, Frank Drake, 
Vala Dig Uy\e-lam-lavemCr=re) aim \Ut-]aeay 

We have begun searching for signs of life in our 

own Solar System, but the search for intelligent 

life is different. We can reach our neighbouring een 

planets and moons with probes and rovers, 

allowing us to sample the atmosphere and the 

soil directly to find even the tiniest traces of 

biological materials. But to find out whether 

there is life beyond the reaches of our 

spacecraft, scientists must take a different 

approach. We cannot yet tell whether primitive 

life exists on distant planets, but ifadvanced, 

intelligent civilisations have developed the 

technology to send messages out into space, we 

might be able to detect their signals. 








© Getty; Wikimedia Commons 
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What do we actually look for (iidetenbreSeicprebtey/1 
when searching for aliens? The Arecibo Message was a 


coded image sent out in the 
direction of 300,000 stars in the 
nearby M13 star cluster, over 40 
years ago. It was constructed by 
shifting the frequency of the 
broadcast to spell out binary os 
and 1s. In less than three 
minutes, the message 
attempted to paint a picture of 
life on Earth for any intelligent 
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The search for intelligent life focuses less on 
what aliens might be made of, and more on how 
they might communicate. Distant planets in 
other star systems are too far away to see 
clearly, but we can pick up signals released into 
Space. But how do we know what to listen for? 
We live in the same universe, so we share the 
same fundamental physics and chemistry. 
Communications have to reach over vast 
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| 
distances, travelling through the dust and gas a eee? 2 
ae 6 life that might be watching. [ml | AL eet. 
of the universe without being lost or degraded, cee ee 
and scientists think that it is most likely that | Earth population 
h Idb di He | The population of Earth is 
they would be sent using radio waves or | — : | | = a ! _ | | written to the right of the 
powerful optical lasers. rItttittttiitttttttite stick figure. 
Listening out for every single signal across teen ee 
Poe Seca BewsflOEHHGEE-€-fetseg Solar System 
the entire electromagnetic spectrum would be Sc. Saeceeeeee This line of symbols shows the 
impossible, so to detect these communications, aii _SnenReE EREEEE © Sun (left) and the planets, with 
ae i SeeGeeeeeee G00 ahi 
we need to try to think like aliens. This was first 8 Seeeeeeee 6 oon Earth highlighted. 
es me a 
attempted in 1959 by two scientists from Cornell eee, - Ee 7 ae Arecibo telescope 
University; Giuseppe Cocconi and Philip oe ee ee eee The telescope is shown at the 
Morrison suggested focusing in ona specific he one BSSeneeee patton Of Bie ies sade, Witiits 


diameter beneath. 


frequency, the 1,420 MHz ‘hydrogen line’. ) ~ 

Hydrogen is the smallest and most abundant E t 3 E th [ if 

element in the universe, and when its energy X ) re me a r I = 

state changes it creates a characteristic spectral Alien worlds needn't be exactly like ours; even on Earth, organisms survive in 

line, which is always at a frequency of 1,420 SVOLVaDae)aueelsyelecnmetclar-Vacmeeyen}e)(can-)armuparsienne-lo)(cm(e)malenest-bercmmly/ (c\cummalcm ot. ban em=y.qnasyeeleyeevelcicn 
MHz. This falls into the microwave radio region 
of the electromagnetic spectrum, and is able to 
travel through dust and gas that block the path 


of visible light. Looking at the universe in this 
frequency allows us to see through dark clouds 





that normally block our view. Ope | ae 
Cocconi and Morrison reasoned that , SS) 
civilisations more advanced than our own Pi, és ar » 
would also have used hydrogen line emissions te ; ot 
to map the universe around them. Ifintelligent : | ; : 3 
P oo. 6 AFlaellele-te (es Animals that live without oxygen 
life forms also realise that other civilisations Tardigrades can survive without water, in extreme In 2010, scientists reported three complex species 
might be tuning in to this special frequency, cold, under high levels of pressure or radiation, and living at the bottom of the sea, in.an area known as 
even in the vacuum of space. a ‘dead zone’, where there is no oxygen. 


they might use it to try and send a message. 
Frequencies either side of the hydrogen line are So) 
also monitored, incasealienlifeformschoose [am 
to reserve 1,420 MHz for scientific use, and some ee. Me 
SETI experiments, including Breakthrough i 
Listen, also monitor for pulses of laser light in 
case they are used instead of radio. . 
As the SETI Institute points out, “optical SETI = | 


requires that any extraterrestrial civilisation be wi 
deliberately signalling in the direction of our 








Electric bacteria Extremophiles 


ae Da _e come happen by chance, Shewanella bacteria can use metal ions and other Many other species thrive in extremes. For instance, 
but ifaliens are signalling right at us, they (oxo) na) efele] alesswnen a=) (=y<hs\oM=) alo) ce \VA lalcinct-le me)me).a\e(-)0F idatsla gare) ®)ali(stomclel avdlYcow-] ale] am kslan| el=1e-140ln-soeeelale| 
might already know we are here. This is not seen in any other organisms on Earth. rTelLoCo) o) ali {xm Ui alo1 k-] ale i= lelle| (om exe)ate) La(elaice 
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Venus Is blisteringly hot, but some scientists think life could survive high up in the clouds 





How to huntforaliens == 


There are billions of stars in our galaxy alone, but which should we focus on? . | (aT 


The ites step inthe search for life is to define what 
life actually is. This is still a topic of debate, butit 
is generally agreed that living things are complex 
and organised. They use resources from their 
environment to generate energy, and build 
molecules for replication and growth. They react 
cohdalsyeaciebacelenelentarcccmr-lot-lelm-velepasye)aelelulecm- IIe) 
which requires complex chemistry. 

The most abundant elements in the universe 
are hydrogen and helium, but helium does not 
form molecules with other elements, and 
Jayiobceyexayamer-bommest-licneeyene)icr.ensle) (sabi locnee pies 
own. Oxygen and carbon are the next most 





je) (ayatabaul Me-verohuesxciaelsya with hydrogen are the 
most abundant elementsin Earth’s organisms. 

It mightseem a bit egocentric to assume that _ 
life elsewhere in the universe will be based on 
the same components as life on Earth, buta 
closer look at the chemistry reveals why scientists 
are so focused on finding carbon and water. 
Carbon can make four bonds to other elements, 
Jo) ceyiatebbatemdelcncver- Dace) (ommet-lm- 00 Ceyuucneeyenye)(=.4 
molecules to be made. This property can be 
matched by silicon, but the chemistry is not quite 
the same. While we exhale carbon dioxide, a 
silicon-based equivalent might exhale sand. 


_ Life in our Solar System. 


We might: not have to-look far to find aliens 


” Water provides. a solvent i in ‘yybig these large, * — 
complex molecules can dissolve, enabling them 
to interact. Water is also goodat maintaining 
Jeclo(emucvanlo-ve-lauva-rsme-volounat-bralamaetcl@lacbileyeles 
means that lakes don’t freeze solid. These ’ 
properties are hard to match, although ammonia 
and hydrogen fluoride come close. 

Given what we know about the chemistry and 
composition of the universe, scientists are 
searching for planets and moons in the so-called 
METo) Ce BAe rel Keo) alamo) ee et-Veyin-le)(swAe)el=wmnvselcyacwecel once! 
water might exist. If these conditions can support 
life on Earth, why not elsewhere? 





Mars 
NASA’s rovers have shown that Mars was 
once home to vast pools and rivers, and in 
YAO hove Avsy-Werolalilaantslemuar-iaml(elUl(emi\rlusle 
still flows on the Red Planet today. 


Europa 
Jupiter’s icy moon may have a salty ocean 
beneath its surface. NASA believes that it 
touches the moon’s rocky core, providing 
chemical elements that could sustain life. 


eaters) f-leL Uf 
Saturn’s moon Enceladus releases jets 
from its icy surface. Scientists believe that 
1d at=yVmexolU] (eM ol-Mor-|aavdlalemaat-1k-)ar-] Cmicelan le 
hidden liquid water ocean underneath. 


om Mi atMeymy(e] aie 
The petal design 
allows the planet to be 
seen directly. 


mlUlaltiave Mielmm e)r)a(si a 


Spotting distant planets is tricky, 
lolelmalsv iva reve eb ele)(eycavaeeenlomalcile 


To identify Earth-like planets 
elsewhere in the galaxy, 
scientists watch out for their 
shadows as they pass across their 
parent stars, but the closest stars 
are so bright that their planets are 
areal challenge to detect. The 
private aerospace and defence 

(elop as} ey-Benva\\(e)adevcojenepavnccvect-ben-ba> 
developing a screen known as the 
‘Starshade’, which will fly in 
between orbiting telescopes and 
the stars they are trying to image. 
The petal shape should block out 
most of the star’s light, letting 
only the reflected light from the 

jo) Ebalciacworctsion ebaelered ae 
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5 Safe distance 
The Starshade is positioned tens 
of thousands of kilometres away 
from the telescope. 
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3 Starshade — 
The centre of the Starshade ; 
blocks the bright light of the star. 
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Titan © 
Saturn’s largest moon has an atmosphere 
oy im aliuaele(=)am-lavemaal-\iar-lal-maarlm [alu lel e (ets 
scientists. Some suggest that methane- 
based life forms could inhabit Titan’s seas. 


= » | Star 
~ Nez by Sun-like stars are 
. Batight that their. 
become invisible. 


eee = (0) 0) FJ ale 
Planets in the ‘habitable 
zone’ are particularly 
hard to see. 


© NASA; JPL/University of Arizona/University of Colorado; Space Science Institute; Goldstein Lab; Liza Gross/PLOS Biology; Roberto 


Danovaro, Antonio Dell’Anno, Antonio Pusceddu, Cristina Gambi, Iben Heiner & Reinhardt Mobjerg Kristensen 
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ARE WE ALONE IN 





THE UNIVERSE? 
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There are billions of stars in the universe, and 
some astronomers think it’s likely that each 
one in the Milky Way galaxy has at least one 
planet. The director of the Space Telescope 
Institute in Baltimore, Matt Mountain, told 
NASA: “What we didn’t know five years ago is 
that perhaps ten to 20 per cent of stars around 
UtsMecchi(cm wtsh ad cers}>Acu o)tcbelcuecmeammelcmatcleyinsie) (= 
zone.” Being in the right zone is one thing, but 
being home to life is another. And being home 
to intelligent life with the technology to send 
signals out into space is something quite 
different again. 

On Earth, moving from single-celled 
organisms like bacteria, to complex, 
multicellular organisms, like worms, fish, and 
humans took around 2.5 billion years, and it 


only happened once. As Professor Stephen 
Hawking pointed out ina lecture entitled Life 
in the Universe, “This is a good fraction ofthe 
total time available, before the Sun blows up.” 
Assuming that life can get past this bottleneck, 
at least one species then needs to become 
intelligent enough to want to communicate 
with the universe. If this is possible, where is 
everybody? This question, known as the Fermi 
Paradox, was asked by Enrico Fermiin1950. He 
argued that technologically advanced 
civilisations could colonise entire galaxies in 
just ten million years, fractions of the age of the 
Milky Way, so we reallyshouldhaveseen | 
evidence of them by now. 

It could be that there really are no other 
intelligent life forms in the galaxy, but there are 


Have there always been Earth-like planets? 


The universe is nearly 14 billion years old, but it hasn't 
always been able to sustain life. In the early days, as 
everything began to cool after the Big Bang, there were 
only two elements available: hydrogen and helium. 

_ These simple elements are not sufficient alone to build 
any kind of life. These gases formed the first stars and 
galaxies, and these new nuclear reactors smashed the 

_small atoms together to makesheavier elements like 
eVaofeyeksbevobevincess(-108 When these stars exploded, the 
new elements went on to formmewstars.OurSolar * 

, System formed around 4.6 billion years ago, and 

on star-forged ‘elementsMlike silicon and iren make up the 

7 planet, that we live‘on: Until recently, scientists thought's 
that the-oldest stars wouldn't haveEarth- like planets, . . 

but NASA’s Kepler Space Telescope has fourid some that: ” 

‘ are ee Stars more than twice the ‘og of. at Sun: <a 


| C=}0) [=] ar so¥4eme)ge)iucmlammal-Mar-le)imle) (= 
zone around a Star 1.5 billion years 
fo} (ellen uar-lamualsmolel a 





How many worlds 
could send us signals? 


Dr Frank Drake is a pioneer of SETI, and his equation 
uses probability to estimate the number of inhabited 
planets in the Milky Way that may be trying to make 
contact. It takes the rate of star formation in the galaxy 
and asks, how many of those stars have planets? Then 
JaXe\Vgent-benvaeyadelessicu o)t-balciece-Sacwetsloyir-lo)(-mr-balomelenniment- ven, 
of those are inhabited? Then how many have intelligent 
inhabitants? Finally, how many intelligent civilisations 
are actually sending signals? And for how long? 





a Mavsmalelenlel>)axe)mr-]it-va 
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suitable stars 





dozens of other explanations. One of the most 
widely discussed is the idea that intelligent life 
might not survive long enough to make contact; 
it could be that asteroid impacts, supernova 
blasts, natural disasters and warfare wipe 
intelligent life forms out before they havea 
chance to explore. Ultimately, the lifespan ofa 
civilisation is limited by the life of its parent 
star, unless of course, the life forms find a way 
to leave. | 
















aM avsmigcleid (eae) mole lin-]e)(-mcr-] 65 
with planets 


NASA will attempt to land on an asteroid in 2018 to recover samples that could hold clues to the origins of life 
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Are we being bt Will we find 
Fast radio bursts (FRBs) are brief, high-energy f alien life? 


electromagnetic waves that have been appe 


scientific data gathered at the Parkes Telesco Bir | Top scientists think that 
early 2000s. The bursts contain high and low freque life is out there. but it 
wavelengths, which travel at different speeds throug E>» C ould b Q hard to find 


space, and the delay between the arrival of the hig 
and lowest frequency waves can be used to calc ila , | A 
the distance to the source. Strangely, the ten FRB | pL ‘ OERE aie aie 
latctokolaltchyaubectatspelctbanimoenrstile)(-MeyvalswAMuuel=laq) | _ 


wl “What is the likelihood that only one ordinary 
no natural object known to be able to do this star, the Sun, is accompanied by an inhabited 


leading scientists to speculate about a possib: A planet? ... To me, it seems far more likely that 
alien source. However, other signals, called / ) ~ the universe is brimming over with life.” 

: - Carl Sagan, Cosmos 
perytons, have since been found to have . 

h 1 love : ‘ “To my mathematical brain, the numbers alone 
much more local origins — scientists ; 4 . make thinking about aliens perfectly rational” 
discovered that they could produce the ' : - Stephen Hawking 
same interference patterns by opening 4 3 | “| think we’re going to have strong indications 
deleMelolojaevanal-weablacennichictent.-sak ‘ta kh of life beyond Earth within a decade, and 

: ~ | | 7 NN definitive evidence within 20 to 30 years,” 
AN D)VAsXola es) ©) a(=) c-mome)a l= (e(=t- mie) ar-lalr-li(=10 - ~ \ y - Ellen Stofan, NASA chief scientist 


megastructure, designed to capture 


“| think life is common in the universe. We may 
the energy emitted by a star 


be the only civilisation in the Milky Way. There 
will be other civilisations in the universe” 
- Brian Cox 


...BUT PROVING IT COULD 
BE A CHALLENGE 


“We have a galaxy full of ten billion planets, in 
habitable zones, roughly Earth-size... no visits, 
no communications... How can that be?” 

- William Borucki, ex-NASA Kepler 
scientist 


“Life outside of Earth is probably going to be 
really hard to find... We can’t even agree ona 
definition of what life detection is.” 

- John Grunsfeld, NASA 


“Right now there are maybe only 10,000 
civilisations we can detect in the galaxy. That’s 
one in ten million stars. We have to look at ten 
million stars before we have a good chance of 
succeeding.” = Frank Drake 


IT COULD EVEN BE 
DANGEROUS 


“Active SETI is not scientific research. It is a 
deliberate attempt to provoke a response by an 
Rovers, like NASA's Curiosity, alien civilisation whose capabilities, intentions, 
are scouring Mars to see | and distance are not known to us.” 
whether it was, or is, Every dot in this image is a galax . - Michael Michaud, International Academy 
of=) 0-0) (=o) 1] o) oLelad late Lis with millions or billions of stars ‘ay of Astronautics 
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Ah atcmig-lord(elameym-)i(cia BBarcmic-lord(e)ame)mialeciille(=yais The length of time that the 
civilisations with detectable civilisations that develop civilisations actually transmit 
r= (eYoau gelaat-lelalcidiomsy(elate] is technology to send signals signals into space 





Bi at-Wie-lerdle)ame)m-jelie-)|e) (=m e)t-larsies 
that are actually inhabited 
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system that could support life 
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What makes a 
planet habitable? — 


Discover what makes Earth so special - 








that it can support life | 
or life to exist ona planet, there’s a the habitable zone is too close'to a star, ° 
loyimeyins Gre) (ob 0 (oYele-t-sinvt1a(e)eem Wels stellar flares can destroy the planet's ” S 
(ee) alobialoyatcner-belm olennelomelelmeyanele Elaustelsjelet-vectanuedleabissete\-velclolice oe it’ 
cold, with somewhere in the region of -15 warm and protect it from jecletelaloyetctetel 
and 115 degrees Celsius being about right. meteorites. To maintain an atmosphere, a 
Within this range, liquid water can exist, jo)ENelcymaelbtsim elon els ratciett masstohave | 
and therefore, in theory, so can life. enough gravity to hold onto it, and needs a ee 
In order to be at this optimum magnetic field to protect it from stellar 
icsvenolsvasinvbacwe-m e)e-Belclmeclotcimel-nasl-percdell flares. It is believed thatEarth’s magnetic 
distance from its host star. This is known field is driven bythe flow of molten i nqeemeel aay ete 
as a habitable zone, and lies closer to HLESHOLOI Ks) MO) a omEcLON- Be) tbls) ms structure is also ! Siem eterth-site-plaiier in 
smaller, cooler stars than large, hotones.If akeycriterionforsupporting life. #* | ~ the habitable zone of a star 





What ts a gravitational well? 


How this invisible force shapes the universe 


hile we are all familiar with gravity willactasaplanetinourexample-andplaceit the larger gravitational well, it will roll into it - 

being the force that causesadropped ontherubber sheet. The sheet will dip and seemingly ‘pulled’ by gravity. 

phone to clatter tothe ground, Albert | bendwiththe mass ofthe ball, forminga Everything with mass is able to bend space 
Einstein was the first to describe gravityaswhat concave shape -the gravity well. and the more massive an object is, the more it 
happens when space is warped around a mass, Now put a marble on the sheet, which bends. An object can only escape a gravitational 
creating a dip called a gravitational well. To represents a smaller object inspacesuchasa well if itis moving fast enough. Moons and 
better understand this, think of a large rubber comet or an asteroid. It creates its own gravity satellites that orbit planets, for example, do not 
sheet, held taut. The sheet actsasananalogyfor _ well, but it’s much smaller than that of the fall any further into the gravitational well of the 
space-time. Then take a bowling ball - which bowling ball. Ifthe marble gets anywhere near planet they orbit. 


The Solar System’s gravitational wells 


The inner 

planets 

The inner planets 

- Mercury, Venus, | 

Earth and Mars - all Saturn 

create their own | | Saturn is the second most 

little wells. = massive planet and has a 
sizeable gravitational well 


of its own. : 
Ice giants 


Finally, there are the ice 
giants, Uranus 

and Neptune. As the 
distance from the Sun 
increases, its gravitational 


Jupiter influence decreases. 
The second biggest 


gravitational well is caused 
by the most massive planet, 
Jupiter. The small dips either Depth 
The Sun side are formed by its four | The depth of the well is 
The Sun is the most massive largest moons. proportional to the 
object in the Solar System and amount of energy 
therefore creates a required to BOCaDe the The Solar System 
gravitational well so large (Cit gravity of each object. The Solar System is the 
would be 100 times deeper | taut rubber sheet acting 
than Jupiter’s) that all the as the fabric of space-time 
planets are caught in it. in our analogy. 


© NASA Ames/JPL-Caltech/T. Pyle 
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Stars come in every colour, but we can't see them as green because of the way we perceive visible light 





Star versus planet | 


The difference between the two is not as clear-cut as you might think 


star and a planet differ in the way that 
they form. Stars are born in large clouds 
of gas that collapse due to the inward 
force of gravity. From this, a rotating ball forms, 
attracting more gas from the surrounding 
cloud, which squashes the gas at the centre. 
Such an intense compression triggers nuclear 
reactions, igniting the star and causing it to 
release the energy we see asa star’s light. 





In order for a star to be made, it must have 
enough mass. Ifit doesn’t, then gravity is 
unable to compress the gas enough to trigger 


the nuclear reactions needed to make light. You. 


may have heard ofa ‘failed star’, which is 
another name for a brown dwarf, a gaseous 

(0) o)(=xe1 miei eWlcrtommet-bem-lolelelm=stcd olmel-y ec elmo) mnel= 
Sun’s mass. Ifthe mass is lower than that, we're 


getting into the territory ofa gas planet. 


How to tell them apart 


It’s all about temperature and mass 





Like stars, planets are also made by pulling 
material from a cloud to create their bulk, only 
this time the gas doesn’t come from the cloud 
directly. Instead, planets accumulate material 
from the discs of gas and dust that surround 
newborn stars. That’s why you're most likely to 
suboteur.m o)t-belcmeemeyaeyim-baelepelou-Ucir-Darar-Diselelercsepts 
is also possible for a planet to become ejected 
from its system! | 

























— 3000 
Brown dwarfs 
Bi arstsxoMe) 0) (=\e1kowr-] a= Kole -]ae(-mKen el=) 
fore] | (=XoMm ©) -] a(=1 8oMY{2) mn ROLO MS) pay -]| KOM ol= 
= stars, weighing between 13-75 
oO times as much as Jupiter. 
& Planets 
Q 2000  Gasplanets have an Stars 
{0 upper mass limit of ; : VA datelanr-] ame) ®)(=\oum [s 
- around 13 times that of Fusion begins 75-80 times the 
E Jupiter - our Solar At about 13 times the mass mass of Jupiter, 
a System’s largest planet. of Jupiter, fusion occurs. aNislaeye(samiteiion 
ni This is when lighter eXeXe) alsin d(el erci t-la ulate 
= elements fuse together to The the life of a star. 
£ form heavier elements. . - 
® industrious star 
& 1000 aWarewatstclarclare 
= Te] ahem aateldialemalele (t-]¢ 
” reactions in a star’s 
; fore] g=mexe) a\Vi=)a malic lgele(=in 
Nuclear fusion-free aeOnelUmM. 
YA "ida atom alee: (=t-] au acy-lerd(e)als 
occurring in a brown . 
dwarf, its lithium isn’t 
. QQ burned. This is often a 
sign of failed stars. 
Jupiter 
1 20 30 . 40 50 60 70 80 
i i a i i i i i 
Peuterium Mass (Jupiter masses) Hydrogen 


fusion begins 
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‘Brown dwarfs form just like stars, 
re Voxexe) collate ma komr- [iu ge) ale) pals as 


fusion begins 


Planets often form in discs 
©)ime f= Kowe]alemelUlcimm rele lare 
ale MV{ole ale moat) a 
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ll of the 118 elements in the 
periodic table are made from the 
same three key ingredients - 
Jo) Colne) akspmaleielaceyatce-balems) (clam ae) stone Wels 
Jo) colneyatcesbelemelcielaceerspestsiconelonuels 
nucleus at the centre of each atom, while 
the electrons whizz around the outside 
and make chemical bonds with other 
atoms. The identity of each atom is 
determined by the number of protons in 
its nucleus, known as the atomic number. 
Hydrogen has one, helium has two, 
Nid aviobacmdabactome-Deloms(okovabm Malem olcvalelenle 
table lists the elements in this order. 

Protons are positively charged, while 
electrons are negatively charged; an 
atom will have an equal number of each. 
The electrons are arranged in ‘shells’ 
around the nucleus. Each row of the 
periodic table represents a new layer of 
electron shells, and each column 
represents how full the outer shell is. For 
example, elements in the first column of 
the periodic table - including lithium and 
sodium — have just one electron in their 
outer shell, while those in the second 
column -such as beryllium and 
magnesium — have two. 

WM otemoepeolol-) mova) (cuuceelspeenmelcnelelicve 
shell affects how the element behaves, so 
those in the same column have similar 
properties. Atoms like to have a full outer 
S) ale) Uoya =) (creme) etspacrenualerenislaeneelcneye 
two extras are keen to give them away, 
and those with gaps want to fill them up. 
Ifyou drop any of the elements from the 
first column into water, they will fizz, 
flame or even explode as they race to 
share their spare electron with other 
atoms, but if you did the same with the 
elements in the last column, nothing 
would happen. These elements have a 
full outer shell, so don’t need to share 
their electrons with other atoms. 

WW Coksj oyna alex) (syeslcvelecpeemualcm else lelenle 
table occur naturally on Earth, but any 
rc (aelevelmelcrenralcy amet bem (arclompelenenlelsyasy4 Bis 
unstable and gradually undergoes 
radioactive decay. Elements heavier than 
uranium (number 92) have to be made 
artificially. Join us as we explore the 
periodic table, and delve into the 
elements that shape our everyday lives. % 
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How to read the periodic table 


H 1 There are three key pieces of information 
r] ole) U| m=t-(e1n m=) (=1pa(=)al mine (ele) @olei mies 
‘yi A 
; Atomic number 
Hydrogen aiatcw-1Xe)pal(omalelaniey=)aneeli Cmicelemarenuy 


many protons each atom has. This is 
different for every element. 


Chemical symbol 

Each element has a one or two letter 
symbol. It is often based on Latin, and 
may not relate to the English name. 


Carbon 
12,001 





AN Wo) gal (om gate los 

Some tables also give the atomic mass, 
ViVa] (ea exe) c=ssj ole) aleicmcomua(-M cele] Mall lanlel=la 
fo) im 0) ge) ke) aloe] ae mal=l01uge)aicmlamual=e-1ke)n0n 












_ Magnesium 




























Sodium 
19} Ca fe A BN 23/Cr 24 |Mn 1m 25|Fe 
= . . : ; e Pn tes vp Fe. 8 . oA eo 
a i < fo ae a! 
Potassium Mes, Scandium Titanium Vamadtiainn Chromium — scaseunse Iron 
Rb BT. Zr 40 | Nb 41|Mo . 
* — _ 
Rubidium Strontium Vitrium firconium Niobium Molvbdenum 
KS 00 | Ba 56 Hf 72 | Ta _ 713| W 
57-71 <a ) 
anthanides ni deel 
Lanthanides Ye Se | 
Hainium Tantalum Tungsten 
Wi) 105| Sg . 106| Bh 
89-103 
Actinides M4 
Francium Radium Rutherfordium Dubnium Seaborgium Bohrium Hassium 


These elements each have a spare 
electron. They are highly reactive 
late Mmlamal-laela=Mer-lacel WViVre\ cm cele are! 
bound to other elements. 








Ny 


ee 


= * 
Alkaline earth metals 
These elements have two spare 

(2 (<You ae) atsear-] alee] com] rem al le) nih, 
reactive. Like the alkali metals, they 
(oom alelmal-]40le-lIN A>.) me)am uals) me) ap 





Protactinium Uranium Neptunium 





Actinium Thorium 





The chemical elements have more 
Tamece)aalanelamear-lamcelemaniielnimanlial 
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Element number 1011s named Mendelevium, after Dmitri Mendeleev, who invented the modern periodic table 


THE ELEMENTS 
























| | | 
Fi | i it aie Ta the Ga ps Non-metals Halogens Noble gases 
The elements in the The halogens are These elements have a 
Sold elem tslolesspmnelsimoy Me) muelcmeleper-lnbbe-Vehaelaabeausers ixo)omalelalmexe)aat-1ae) nalicsciiale Kelas complete outer shell of 
elements had been discovered, and many scientists he pened tae Sg on Wel Seton ae eo eta 
pee y _ are the non-metals. outer shell, and will with other elements. 
tried and failed to come up with a system of organising Most are gases or react violently with 
them. The puzzle was finally solved by Russian solids at room the alkali metals to 
temperature. form salts. 


chemist Dmitri Mendeleev in 1869. He arranged the 
elements in order of their atomic mass, and noticed 
how elements with similar properties grouped 
together periodically. While others had tried to order 
them strictly according to atomic mass, he wasn't 
afraid to move elements around, leaving gaps where 
he thought that undiscovered elements should sit. 


Transition metals 

The elements in this block have more than 

fo) at=m ey] a urelI NAMA exe m=1(=coruge)amcial=)| Ame] AVlalemualslan 
Talkslqctsin lave meval=)pal(er-] me)ge) e\-] au (-\m : 
Silicon 









Sb 





Palladium Antimony 


Livermorium Ununectium 








Ununseptium 


Noe a j 4 ; “a r, > ‘ es f E 1 4 Fy — oo he Ri. 

a A, ay A ? i ——— as uf ‘ 
el ~ B : ia Vy 

Terbium \ Yiterbium 


ant i. a 
ial eerie A 
SP ahr 

= 





Plutonium | Americium Berkelium Californium Einsteinium Fermium ; Mendelevium Nobelionmn Lawrencium 


© SPL 


‘The puzzle was finally solved 
by Dmitri Mendeleev in 1869" 
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Heat resistant glass 


Borosilicate glass, which is found in the 
kitchen and in the lab, contains at least five 
per cent boron oxide. Boron has a high 
melting point, which helps the glass to resist 
thermal shock, going from hot to cold and 
back again without shattering. 


Gas-discharge lamps 


These lamps typically contain neon, argon, 
krypton, or xenon, which are noble gases. 
When an electric current is passed through 
the gases, they become excited, and when 
they drop back down to a normal energy 
level, they release photons of visible light. 


Look around and you'll discover ‘ - 
dozens of different elements i on - 
: ” - 


Coins 


In the UK, 1p and 2p coins are made from copper- 
plated steel (iron and carbon), 5p and 10p coins 
are nickel-plated steel, 20p and 50p coins are 
cupro-nickel (copper and nickel), and £1 and 

£2 coins are nickel-brass (copper, nickel 
and zinc). These elements are cheaper 
Ry, than gold or silver, and durable too. 


ee 
= = 
ll - 



















Fireworks 


The colours of fireworks are produced 
using various combinations of elements, 
which burn with different coloured 
flames. Strontium and lithium salts burn 
red and calcium salts burn orange, while 
sodium salts burn yellow, barium salts 
green, and copper salts blue. Purple can 
be made by mixing strontium and copper. 


Smoke detectors 


Many smoke detectors contain small amounts of 
americium. This radioactive element releases alpha 
particles, which ‘knock’ electrons away from gases in 
the air and towards a positively charged plate in the 
smoke detector, generating a current. When smoke 
gets in the way, the current stops and the alarm sounds. 
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The radioactive element radium was once used to make glowing backlights in wristwatches 








Hydrogenis the smallest element, 


and formed in vast quantities after -_. 


the Big Bang, along witha less 
plentiful supply of helium, and 
even smaller amounts of lithium 
and beryllium. But making the 
heavier elements required more 
energy. Hydrogen and helium gas 
clumped together to form clouds, 


and these clouds collapsed toform _ 


stars with enough heat and 
pressure to trigger nuclear fusion; 
inside the stars, the nuclei of: 
hydrogen atoms slammed. 
together, fusing to form helium. 

As the stars aged, the helium 
atoms started tocreateeven - 
heavier elements, including 
carbon, nitrogen and oxygen. 
Depending on the mass ofthe star, 
this process sometimes 


continued, producing the nuclei of 


Jaslo\simejmnaten=l(cyaacvelecnelenropaleveslel-ye 
26, iron. After this critical point, 
fusion reactions stop releasing 
eyaCcvecAVAMUNBelcyeusie-Vacpaelenelelme)i 
useable fuel, they collapse, 
kicking layers of gas and heavy 
2) (eyanVevelecKe)vLmbelKeks}ey-(ece 

For the most massive stars, this 
processinvolvesapowerful 
explosion called a supernova, 
which provides enough energy to - 
make the elements that are 
heavier than iron. The remnants a 
oyiad aV=xci=4 0) (0 =: 0) (oo (=o Rcjecbecp 00ND. am 
with yet more hydrogen gas and __ | 
go on to make more starsystems, : 
like our own Sun and planets, 
providing us with the range of 
elements we have on Earth today. 


“The remnants. 


of old exploded. * , 


stars go on CO - 
make more . 
stor systems’ : 
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were forged inside ancient stats, 


“needed to.make biological — 


‘+ and protein. — 


(18.5 


Meare) dlatehimtalcdeciaicteamser-lace)(ellare iKe)am ole lel late 


3.2%0 


NITROGEN | 


Maan essvor (== lao Malslav/-Bill aol d(e)aMe-late [am e)(efote Keloladialep ae é 
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Po 1% 
PHOSPHORUS: 


ed avess) ol atelau ism || <sMere] (el.0]an Mm al=)|ol=m coll ol genva(e(= 
iua-valelan to bones and teeth. It:is also involved 
in energy use, and is a’vital.component in DNA, 
helping to hold the whole structure together. 


Ay 


See +." — POTASSIUM 

















“et Potassium ions are found 

shee _ dissolved inside cells and 

OXYGEN +z A a ‘. ‘ in body fluids. They carry 
Oxygen makes up over half” . : + Ones __. anelectric charge, and : 
Sto) ol€ Tam ofoYe \VAAY-1(¢] 0100 | Se 7 _ .~ are used by nerve.cells _ 


and muscle cells in 


one of the key components a Bet ee 
_-of water, andisoneofthe Be . "eat < 
three essential elements ee PUSS 





molecules like fat. - 








a 0.3% 
=——= SULPHUR 


Sulphur.is found in some of the 


(OFT ofe) a Mor= law aate].(omkele] am olo)alekcmnoMelustslar=)(=)an(clalace building blocks of protein. It can 









; ‘I lecitles. It is: bial a _, a make strong bonds to other. sulphur 

re] gel=mmerc) pale) at ecules. It is an an wee A See , Som enRElcits toric peott nats 

§ component of fats La sugars an DNA. ie |S _ Ss | theif’ 8D shapés" 

on . pan 
50m = oe. mO.2% 

HYDROGEN’ ) ae Ere "SODIUM. 
Hydrogen i maaemealige! element icelelare miami le 7 . ia ( ke — s Sodium is another electrolyte that 
effedlovel fore] molecules. -There are actually more _ = ig o ‘ re carries charge inside the. body. Along 
‘hydrogen atoms in the body than carbonor : "2 ; . -» ‘with potassium and chlorine, it is one: 
oxygen, but they, are much lighter. ee of the key elements.responsible for 
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. Oxygen, carbon and hydrogen make up nel .™ , 
_ core of all’ biological molecules, but lots of: . ’ = . AND THE REST 
other elements are used in smaller amounts. s,.¢0 .. There are many other elements in 
Nitrogen Is found in both DNA and protein. a ae os ‘the human body, including.chlorine, 

-_. * a magnesium, manganese, iron, 
ee mile) al al-Pmexe) of] | wikexe) 0) 01-) ear] a(oumm 
{ %O X21 (=)al Olan mm ance) \vele(=)alelaammlecellarcy 
10, TiaaliUleaMerelatei-)(Ulaalialleleak 
CALCIUM ——— Mi ifmafvn] | F [co 
Calcium is found in bones.and teeth, and also plays © ‘ 
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Inside 
a blood 
vessel 


Discover what happens 
every time your heart beats 


nside your body there is a vast network of blood 

vessels that, iflaid end to end, could easily 

wrap twice around the Earth. They arean 
important part of your circulatory system, 
carrying the equivalent of more than 14,000 litres 
of blood around your body every day to transport 
vital nutrients to where they are needed. 

There are five main types of blood vessel. In 
general, arteries carry oxygenated blood away 
from the heart and have special elastic fibres in 
their walls to help squeeze it along when the heart 
muscle relaxes. The arteries then branch off into 
arterioles, which pass the blood into the 
capillaries, tiny blood vessels that transport 
nutrients from the blood into the body’s tissues via 
their very thin walls. 

As well as nourishing the tissue cells, capillaries 
also remove their waste products, passing the now 
deoxygenated blood on to the venules. These 
vessels drain the blood into the veins, which, with 
the help of valves that stop the blood flowing in the 
reverse direction, carry it back to the heart where 
it can pick up more oxygen. 

In contrast to the other blood vessels in the 
body, the pulmonary artery takes deoxygenated = | . Vessel — 
blood from the heart to the lungs, where it is Blood vessels tr. : 
oxygenated and carried back to the heart via the 
pulmonary veins. @ 








sJactelualiale mained) 
paper bag can be a 
dangerous way to 
treat hyperventilation 








Photo: Simon J. Childs/Intergalactic Gorilla Productions 


Urgent call for help to save the eastern lowland gorilla issued by Fauna & Flora International. 
Your response by 31 soci could make a huge difference. 


Without action now the eastern lowland gorilla could be gone forever — cut the 
coupon or go to www.savegorillas.org.uk to help protect the remaining gorillas. 


Consumed by conflict and caught in the grip 
of a severe conservation crisis, the eastern 
lowland gorilla - the world’s largest gorilla - 
is fighting for survival. 

Fauna & Flora International (FFI) has put 
out an urgent call to the global community 
to save the remaining 10,000 or so eastern 
lowland gorillas. 

Funds are sought immediately to help 
protect new community nature reserves that 
are essential to the survival of the remaining 
gorillas between the Maiko and Kahuzi-Biega 
National Parks in the Democratic Republic 
of Congo (DRC). It is a crucial step towards 
protecting these elusive and Endangered apes 
from complete extinction. 

The eastern lowland gorilla faces multiple 
threats to its survival - all of them due 
to human activity. A major expansion of 
agriculture and pastures in the DRC in 
recent years has put enormous strain on the 
gorillas shrinking habitat. Industry, too, has 
taken its toll, with natural habitats squeezed 
by extensive mining for gold and coltan - a 
mineral used in making mobile phones. 
Hunting and the continuing consumption of 
illegal “bush meat’ have also caused many apes 
to be killed. What's more, continuous conflict 
has made it incredibly challenging to enforce 
wildlife protection. 

As a result, numbers of eastern lowland 
gorillas have plummeted. Just 15 years ago 
there were around 17,000 eastern lowland 
gorillas in the wild. Today, scientists believe 
that at most 10,000 may still remain alive. 
Experts don't know for sure exactly how 
many there are, but scientists are carrying out 
population surveys to find out exactly how 
low the gorilla population has dropped. The 
critical conflict problems in the DRC mean 
the population has gone almost completely 
unmonitored since 1996. Now, with your help, 
FFI want to change that. 


Maiko 


Reserves corridor 


DEMOCRATIC 
REPUBLIC OF 
CONGO 


Kahuzi-Biega 


By working closely with local people we 
can help safeguard the areas needed 

to protect the last surviving eastern 
lowland gorillas in the area between 
Maiko and Kahuzi-Biega National Parks 
in the eastern DRC. 





FFI wants to protect existing gorilla families 
in a vulnerable - currently unprotected - 
area between the Maiko and Kahuzi-Biega 
National Parks. These families are vital to 
saving the remaining eastern lowland gorillas 
from extinction. 

This gorilla protection has only become 
possible in recent years. Since the elections in 
the DRC in 2006, and the increased stability 
that came with them, conservation teams are 
starting to consolidate a series of community 
reserves to ensure the gorillas are fully 
protected. 





“The Maiko and Kahuzi-Biega National 
Parks in the DRC are home to some of 

the most endangered species in Africa, 
including the eastern lowland gorilla. 
However, as human populations in the 
region expand so too does the risk from 
habitat loss. A participatory form of 
conservation is giving these communities 
a means to exist and is helping the eastern 
lowland gorilla and other wildlife. Time is 
short and | urge supporters of FFI to quickly 
back this vital work that is crucial to the 
survival of the eastern lowland gorilla.” 


Sir David Attenborough OM FRS, 
Fauna & Flora International vice-president 


For the species to remain genetically 
viable, it is crucial that the gorilla families 
can interbreed and are not separated by 
deforestation and agriculture expansion in 
an unprotected area. FFI knows community 
managed land is a sustainable way to achieve 
this. 

To do all this FFI needs to raise £130,489.56 
to protect 10,847.67 km’? of forest, where the 
gorillas are at risk. The £130,489.56 must be 
raised as soon as possible so that the team 
at FFI have time to plan ahead. Meanwhile 
unprotected gorillas are dying from the 
threats they face every day. 

The eastern lowland gorilla is on the very 
edge of survival. Together we can save it. 
Please send your gift by 31 January - at the 
very latest. 


Meys [IID 0104 


ye ! One of the world’s 
















F rarest apes faces 


extinction 


) Population plummets from 17,000 
to less than 10,000 


Fauna & Flora International (FFI) have launched an emergency appeal to raise £130,489.56 
from readers of How it Works that will enable them to push ahead with the protection of 
new Community Reserves in the Democratic Republic of Congo. This is crucial to the battle 


to save the Endangered eastern lowland gorilla from extinction. You can contribute by 
cutting the coupon below, visiting www.savegorillas.org.uk or calling 01223 571000. 
Please respond by 31 January. 





How you can help save the eastern lowland gorilla 


£130,489.56 is sought from readers of How it Works to urgently protect a series of 
community nature reserves that will safeguard the gorillas in unprotected areas - where 
they are at risk of losing their habitat and being killed by hunters. These are a few of the 
items urgently needed: 

e £40.10 could pay for rations for a gorilla survey team 

e £129.36 could pay for fuel to run the team’s off-road vehicle for a month 


e £258.72 could pay for a GPS unit and batteries, to help the teams locate gorilla families 
in the dense rainforest 


e £679.15 could pay for a satellite phone, to help the teams report and respond 
to emergencies 


e £19,180 is also needed to fund the entire DRC conservation team for 6 months. 
Any donations, large or small, will be received with thanks. 


Cut the coupon below and return it with your gift to FFI, to help save the 
remaining 10,000 Endangered eastern lowland gorillas. Alternatively, go to 
www.savegorillas.org.uk or call 01223 571000. Thank you. 
Gow & FLORA 
INTERNATIONAL 


| want to help save the remaining 10,000 eastern 
lowland gorillas with a donation of £ 





Title Forename Surname 
Address 

Postcode 
Email 
Phone No 


LJ | enclose a cheque payable to Fauna & Flora International OR 
L_]1 wish to pay by credit/debit card 
Type of card: VisaL_}] Amex] Mastercard L] Maestro] CAF L] 


cardNoL1 1 1 |p yp | yp py | yy | 
Expiry Date: | ai Issue Number (Maestro only): in 


3 digit security code: [| (Last three digits next to the signature) 


If you’d prefer not to be mailed L] , emailed LJ, or telephoned LJ, please tick the appropriate 
box or contact us at any time. 
Please return to: 


Gorilla Appeal, c/o FREEPOST RTTH-TXTL-AJRK, 


Fauna & Flora International, The David Attenborough Building, Nhe 
Pembroke Street, Cambridge, CB2 30Z, UK ance 
or go to www.savegorillas.org.uk to donate online now. ene 
Registered Charity No.1011102. Registered Company No. 2677068. PR-EG16HW 


Please note: If Fauna & Flora International succeeds in raising more than £130,489.56 from this appeal, funds will be used 
wherever they are most needed. 




















INSIDE THE LIVER 
AND PANCREAS 


How do these vital organs work together to digest food? 





eighing more than a bag of sugar, 

the liver is the largest ofall the 

internal organs. It’s located mostly 
in the right side of your abdominal cavity and is 
capable of holding roughly ten per cent of your 
body’s total blood volume, with around a 
quarter of your blood supply passing through it 
every minute. 

The liver has many roles in the body, one of 
which is producing bile, the substance that 
breaks up fat molecules to aid digestion. Up to 
one litre of this greenish-yellow liquid is 
produced and released every day, containing a 
combination of salts, water, cholesterolanda 
pigment called bilirubin. Bile travels from the 
liver to the gallbladder, where it is stored. When 
a fat-containing food reaches the duodenum 


Bile ducts Sinusoids 


Once bile has been made in These small blood vessels provide 
the liver’s hepatocyte cells, the place for molecules to transfer 
between the blood and the 


it’s secreted into the bile 
ducts and flows into the 
gallbladder to be stored. 


hepatocyte cells. 


The portal 
triad 
Providing the 
main entry and 
exit routes for 
the liver, the 
portal venule, 
bile duct and the 
hepatic artery 
are referred to as 
the portal triad. 


at eee Pes - - 


a 
r “a * 


Portal venule 
This small vein carries nutrient-rich blood 


(part of the small intestine), the gallbladder is 
stimulated to secrete this bile, which travels 
through the bile duct and reaches the 
duodenum. Here it breaks down complex fat 
molecules into smaller, circular globules-a 
process called emulsification. These globules 
are smaller and have a larger total surface area, 
making them easier to digest. 

The pancreas also plays a role in digestion, as 
it produces substances that help to break down 
food. When the stomach and duodenum are 
stretched by the presence ofa meal, the 
pancreas is triggered to deliver an assortment 
of enzymes ina cocktail known as pancreatic 
juice. An enzyme called amylase breaks down 
starches, while trypsin digests proteins and 
lipase works on fatty acids. & 















from the intestines to the sinusoids, Central 

where hepatocyte cells generate energy. vein 

Once the new 

The lobules comprise of rows of hepatocytes (liver cells), bile ducts and blood molecules have 
vessels. Roughly 100,000 of these hexagonal-shaped structures sit within the passed into the 


organ, each consisting of a central vein surrounded by six hepatic portal veins 


sinusoid 
channels, the 


and six hepatic arteries. These blood vessels are connected by sinusoids, which blood flows to 


are small tubes joining the central vein to the surrounding veins and arteries. 
The products from digestion are transported in the blood to the sinusoids, where 


they can be absorbed into the hepatocytes. 
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the heart via the 
hepatic veins 
and the inferior 
vena Cava. 





Lobes 
The liver is split into four 
lobes: right, left, caudate 
and quadrate. The right 
lobe is the largest. 


ie 
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The liver is able to regenerate itself — up to half of tt can be removed and will eventually grow back 


Oesophagus Metabolism is more than just the body’s way of breaking down food into 
| Roughly 25 centimetres long, this the energy we need to survive - it’s the conversion of one chemical 
, ite c ular sup ear eo ea weuie> ane compound into another. In the liver, cells called hepatocytes perform 
saliva from the throat to the stomach. j j 
| many key metabolic tasks. These cells work to convert proteins, fats and 
carbohydrates into molecules that the body can use or store. For 
example, much ofthe glucose that passes through the liver is absorbed 
by the hepatocytes, which stockpile it as a larger molecule, glycogen. 
Liver This is easier to store and can be quickly turned back into glucose when 
he liver performs over 500 it’s required. 


rungtions ond is inva amas The liver is responsible for maintaining the : 
A ES Sen i ec, body’s blood glucose levels. If there is no 
generation, as well as digestion. ) y glucose available, the liver breaks down the 
| 7 stored glycogen instead. By absorbing and : 






















releasing glucose, the hepatocytes help to 
maintain a balance in the body, preventing 
dangerous spikes or drops in your | 
blood sugar level. / 















es 
e oe @ 
Pancreatic duct 
Pancreatic juice is e 
secreted into this & 
duct before passing 
into the common bile bd 
duct, which leads to ® 
the duodenum. 
e a 
Pancreas 
Sitting behind the 
stomach, this triangular 
gland produces enzymes 
that help break down all 
major food groups. 
Duodenum >: 
The shortest part of the small = 
intestine, this is where bile and 
ancreatic juice perform their 
ie a. Hepatic tissue Muscle fibres Adipose cells Cellular growth 
If there is excess Both the liver’s These cells store and repair 
glucose in the body, muscle cells and excess fatty acids in A process called 
the hormone insulin hepatic cells are able the form of anabolism builds 
triggers the liver’s to store glycogen long-chain fat amino acids into 
hepatocyte cells to within them. molecules. proteins, which can 
convert glucose then be used to 
into glycogen. construct cells and 


produce enzymes. 
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© Soloolmages 


What Is a mirage? 


Find out how thirsty 
explorers are fooled 
by a trick of the light 


tumbling through the 

scorching desert, you spot 

something up ahead. A 
shimmering pool of water appears 
in the middle of the vast emptiness, 
but as you scramble towards it fora 
much-needed drink, it suddenly 
vanishes into thin air. In actual fact, 
the pool was an optical illusion 
created by a cruel trick of the light. 

Mirages such as this occur when 
the ground warms up the layer of air 
above it. They are common above 
roads and deserts, because tarmac 
and sand absorb a lot of heat, some 
of which is transferred into the 
surrounding air. As the layer of 
warmer air is less dense than the 
cold air above it, the change in 
density causes light to refract, or 
bend, as it travels through it. 
However, your brain isn’t aware 

that this has happened, so it 
assumes the light has travelledina 
straight line from the ground. The 
pool you think you see is actually 
blue sky refracted from up above, 
and there is no thirst-quenching 
water after all. 
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moisturiser work? 


The clever creams that keep your skin sott and smooth 





Conjuring images 
The science behind this 
optical phenomenon 


= 
Anopenroadonahotday 
can create a shinggaeang 






Normal vision 
= Normally, light waves 

om from the Sun bounce off 
i of an object and travel 
al straight to your eyes. 


Trick of the light 
When the light travels 
through cold air and into a 
layer of warm air above 
the ground, it bends. 


- Fooling the brain 
hd Your brain thinks the light has 
- travelled in a straight line as 
on normal, so you believe it has 
come from the ground. 


An optical illusion 
Instead of seeing the 
object in its actual 
position, you see it as a 
mirage on the ground. 


Moisturisers help to stop water 
fe¥ehVAfate mm dares) e)(e(=) aan \cmmuala 
process by which skin dries out 


moisture that evaporates from the upper epidermis 

layer of your skin. They fall into three main categories, 
JoLulmaatessime) colo lvleace-Dacwant-(o(keye-Rae)enleynetslmlevenemberaacrel(-elks 
from some or all of these. The most basic are occlusives such as 
Vaseline, which contain molecules that repel water to create a 
barrier over the skin that stops evaporation. 

The second kind, known as emollients, are absorbed into the 
skin instead of sitting on top of it. They fill the gaps left in the 
epidermis when fatty proteins that join together dead skin cells 
are broken down bya lack of moisture in the air. By plugging 
these gaps they stop any moisture from evaporating and 


smooth the skin to make it soft and supple. 


The third type of moisturisers - humectants - absorb 
moisture from the air and dermis layer of the skin to hold it in 
the epidermis. They also stimulate the body’s natural 
production of ceremides — fat molecules that prevent water 


evaporating from the skin. # 
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Archimedes worked out the value of pi to 99% accuracy, even though decimal places had not yet been invented 
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A i OE : 
FX ecorneinarcgnvo nna al-Mnoyeat-heme-henaaler 
Vitruvius, King Hiero II of Syracuse 
loleabeabitslealemt-Mxe)lelrealinsMremeet: ico 
him a crown, but upon receiving it, 
was not convinced it was pure gold. 
He asked Archimedes to determine 
whether he had been ripped off. 
Archimedes couldn't melt the crown 
or damage it, and chemical analysis 
had not been invented. He had to find 
alternative means of determining its 
purity. The experiments that followed 
were the basis of our understanding 
of density and buoyancy. 
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The 'eureka' moment reportedly 
came while Archimedes was taking a 
bath. When he climbed in, the water 
level rose and he realised that the 





volume of water he displaced must be | 


equal to his body's volume. If he was 
bigger, more water would spill onto 
the floor. He also noticed that the 
water must be pressing up against 
him to support his weight, otherwise 
he would sink to the bottom. This 
force is now called buoyancy, and is 
due to the fact that fluid pressure 
increases with depth. The buoyant 
force counteracts the object's weight, 
pushing up with an equal force. But if 
the object is heavier than the volume 
of water it displaces (meaning it is 
denser than water), it will sink. Using 
this logic, Archimedes proved that 
the king's crown was not pure. 
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Fluids exert a buoyant force on 
objects completely or partially 
submerged in them, and the size of 
this force is equal to the weight of the 
fluid displaced by the object. 


WWW.HOWITWORKSDAILY.COM 





: The theory in action 
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287 BCE — 

Mathematician, 

astronomer, 

engineer and 

inventor, 

Archimedes was 

one of the most brilliant minds 
in ancient Greece. He was 
famous for his discoveries 
about buoyancy and density, his 
work on pulleys and levers, 
and his contributions to 
geometry. It is even reported 
that he devised a systern of 
mirrors that focused the Sun 
onto enemy ships to make 
them combust. 


FIND OUT WHY BOATS 
FLOAT ON WATER 





ie ib ae “Wi a, ik 


See how Archimedes’ principle works in this simple experiment 






MUP, 


Cara Reduced weight 
, : ANSM Wal oMe)o)(=\oamme|[c} 0) f-(exssomanen <1 (ele relents 
of water, the object’s apparent weight 
SM xexe [0 (exsvo o)Vmiualicw-]anlele|aieme(eyyi amine) 
only three kilograms. 
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Object’s weight 
Taleeliare lave melave(=\amave)anare]| 
gravity, this object 
weighs five kilograms. 
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Buoyant force 
Buoyancy counteracts 
gravity, pushing up with 
rake) gore Ur-] ke mnal= 
weight of the water that 
ate low el==)ame lise) F-lexsvem 


Volume 
ai atewe)e)(=(erm—ome)|0 lan (=mis 
equal to the volume of 

water displaced, a 
aU averclantslait-1m ey-] ames 
yAV gos alin atete(=soMme | sxexe)V,2) AV 


Density 

This object is denser than the 
water, so its weight is greater 
darelamualcmcs)ce]nime)mualsmalelemis 
displaces. This means that it 
sinks to the bottom. 
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° IT'S USED TO CALCULATE DEEP A SHIP ° HYDROMETERS USE ARCHIMEDES’ PRINCIPLE 
WILL SINK WHEN IT'S LOADED WITH CARGO, TO MEASURE THE RELATIVE DENSITY OF 
WHICH ALLOWS ENGINEERS TO FIGURE OUTA SPECIFIC LIQUIDS, BY OBSERVING HOW DEEP 
CONTAINER SHIP'S MAXIMUM LOAD. AN OBJECT SINKS WITHIN THEM. 





a 









¢ JUST AS ARCHIMEDES REPORTEDLY VERIFIED 
THE KING'S CROWN, THIS PRINCIPLE CAN 
STILL BE USED TO ASSESS THE PURITY OF 
EXPENSIVE ITEMS SUCH AS JEWELLERY. 


¢ BALLAST TANKS IN SUBMARINES USE THIS 
PRINCIPLE TO ALLOW THE SUB TO STAY AT 
ANY CHOSEN DEPTH, WITHOUT FLOATING TO 
THE SURFACE OR SINKING FURTHER. 
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What happens when 





piled high with food, it can 


explode. Although it is possible for your 
stomach to rupture after overeating, your gag 
reflex is likely to kick in long before you reach 
that point. The average human stomach can 
handle between one and one-and-a-half litres 
of food before getting the urge to throw it back 
up, but can stretch to accommodate four times 
that much before arupture occurs. 

When you eat a meal that’s high in fat, sugar 
and carbohydrates, your parasympathetic 
nervous system tells your body to slow down 
and focus on digesting the food, causing you to 
feel lethargic. As the food is digested, cells in 
your pancreas produce the hormone insulin, 
which in turn leads to an increase in melatonin 
and serotonin, hormones that makes you feel 
drowsy as well as happy. You may also struggle 
to keep your eyes open thanks to a spike in 
glucose levels from the food you've eaten. This 
can interfere with the neurons in your brain 
that normally produce the orexin proteins 
responsible for keeping you awake and alert. 


Your fat cells produce the hormone leptin, 
which binds with receptors in the brain to tell | 
you that you're no longer hungry. Regularly Feeling sick 


eating more than your body needs causes your Atter a high calorie 
meal, cells in your 


body to produce more of this hormone, as leptin intestines produce 


levels are directly related to the amount of body the hormone 
fat a person has. In such cases, people may ie panded 
build up a resistance to leptin, which disrupts which ceneratesa 
the brain’s ability to recognise when you're full, queasy feeling. 


leading you to overeat and put on weight. 


you eat too much? 


Learn about the effects of an all-you-can eat buffet 
hen you've just polished off a plate Ready to pop 


: How does your stomach 
sometimes feel like you're going to cope with a big meal? 


Feeling full 
Your fat cells 
produce the 
hormone leptin, 


which tells your 


brain you’re no 
longer hungry. 








Heartburn 
Hydrochloric acid, which 
your stomach produces 
to break down food, can 
creep up into your 
oesophagus, creating a 
burning sensation. Gas 
Every time you 
swallow food, you also 
swallow air, which 
takes up space in your 
stomach until you 
belch it out. 


a 
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Swollen gut 

As you eat, your stomach stretches and 
pushes against your other organs, 
making your abdomen feel swollen. 


Balloons burst faster than 
the speed of sound 





DID YOU KNOW? With three times more gas than beer, it’s estimated that one bottle of champagne contains 50 million bubbles! 
_ 


us ere 


° x UM at=m(-)ateh dahvarlalem(clereye col } 
Raise a glass and read on to learn the MI rots for mokinga 
origins of this celebration tipple 


_ Toakelanley-le[atem=y.4e)t-llarsmualsy 
glass of bubbly is a lavish treat From grape to glass 


lofty price tag 
for most of us, or for the rich The journey from the vineyards of France to the pop of the cork 
and famous it can be used to 


bathe in (Marilyn Monroe did it, 
apparently!). But what sets it apart 
from regular wine? It’s the lengthy 
double fermentation process that 
elevates champagne into the realms 
of luxury. True champagne only 
comes from grapes grown inthe 
Champagne region in France; the rest 
are sparkling wines. It is usually 
made with Pinot Noir grapes, which 


must be picked and handled carefully On the vines Primary fermentation 
to avoid the dark colour of their skins Grapes are selected to make the cuvée - a The grapes are loaded into the press, and 
— blend of still wine. Pinot Noir, Pinot the mechanical lid is lowered and raised 
staining the pale champagne. Meunier and Chardonnay grapes is usually repeatedly. The juice that runs off, known as 
The beginnings ofa bottle start used, with each grape adding its own flavours cuvée, is poured into bottles or casks to ferment. 
with a blend of still wine, or ‘cuvée’, to and aromas to the finished product. This forms the base of the champagne. 
make the base of the champagne. The 


grapes are pressed and the juice is left a A 


to fermentina barrel -thisis the 
Ly sien: and riddling 


primary fermentation. Thena 

‘liqueur de tirage’ is added, made of 
A. law, champagne must be aged for at 
least 15 months, although luxury versions 


sugar, yeast and wine. Once it is 
bottled and a temporary seal added, 

may be aged for two years or more. The bottles 
are tilted by one eighth of a turn each day, a 


the secondary fermentation happens 
process known as riddling. 








and yeast starts to turn the sugar into 
alcohol, producing bubbles of carbon 
dioxide for that quintessential 
champagne fizz. 

Bottles are stored facing 
downwards so that the yeast cells 
gather at the neck, and then they are 
riddled (tilted up and down) every so 
often to prevent sediment from 
sticking to the glass. After a sufficient 
time, the bottles are plunged into 
freezing brine. This turns the yeast 
sediment to ice, which can then be 
removed from the bottle, a process 
known as disgorgement. The last step 
before stopping with the traditional 
wire-caged cork is to top the bottle up 





itera fermentation 

A sugar and yeast mixture called liqueur 

3: tirage is added and the bottle is sealed. 
It is then left for the bubbles and flavour to 
develop. Pressure builds up in the bottle until it 
is equal to that of the air inside a tyre! 








mixture of still wine and sugar - 


The neck of the bottle is dipped into 


The bottles are then sealed with a long, 


witha ‘liqueur d’expédition’-a io Disgorgement G ree and shipping 


which can sweeten the champagne’s 
flavour. It’s a lot more work than 
popping the cork! & 
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freezing liquid, creating a pellet of ice. 
This is carefully removed, taking any sediment 
with it, and then extra sugar and still wine are 
added to enhance the champagne’s flavour. 


fat cork that is printed with the name of 


the winery, and then secured with a wire cage. 
The champagne is stored in a cellar, ready to be 


popped on a special occasion! 
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: _ 
Discover the tech that brings the 
latest must-have gadgets to life 


ADOPT A STAR veo: 
WARS DROID 


Let The Force Awakens’ 
cutest star patrol your home 


Price: £129.99 / $149.99 
Web: www.sphero.com 








Battery 


fthe many toys inspired by the new Star Wars 
movie, Sphero’s mini replica of the BB-8 droid is 
certainly the most adorable. This cute 
cousin of R2-D2 connects to an accompanying 
app via Bluetooth, so you can control it with 
your smart device. You can design a route for 
BB-8 to patrol autonomously or give it voice 
commands to follow. For example, saying 
“it’s a trap” will cause BB-8 to panic and 
roll away. The more you play, the more 
BB-8’s actions and attitudes will 
evolve. Eventually it will recognise 
your voice, respond to your 
commands in different ways and 
become your loyal companion. 
What’s more, you can use BB-8 
to send and view holographic 
messages for a truly 
futuristic experience. 
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A device that determines which way 
is up as BB-8 rolls across the ground. 


The battery keeps BB-8 awake 
for one hour on a full charge. 


Counterweight 
This ensures the wheels stay 
in contact with the shell, 
creating traction. 


~ Create your own Star Wars 


Behind the 


scenes of BB-8 
iis . Find out how this 
ee gy clever droid rolls 
] 




































i 
| Magnets 
Two magnets keep 
BB-8’s head attached, 
even as its body rolls 
around underneath it. 


Wheels 
Two wheels drive up 
the inside, shifting the 
centre of mass so 
BB-8 rolls forward. 


Bluetooth 
The main circuit 
board features a 

Bluetooth chip 
that lets BB-8 
and your 

smart device 
communicate 
with each other. 


Motor 

An electric motor 
drives the wheels, 
helping to reach 
speeds of 7.2 
kilometres per hour. 


Outer shell 
A thick 
polycarbonate 
shell helps keep 
the insides 
protected from 
any knocks 

and bumps. 


Charger 
BB-8 can charge 
wirelessly when 

placed ona 

charging 
platform that’s 
plugged into a 
power source. 





adventures with BB-8 by your side 
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‘Hoverboards’ are banned from use in public places in the UK and New York, including on pavements and in parks 


¢ 
’ i-Que can answer your 


questions and challenge 
you to a dance-off 












a 


The SmartGlider will move in ; 
whichever direction you lean ate 


STEP ON A 
HOVERBOARD 


Why walk when you can glide? SS 


Price: £499.99 (approx $755) = 
Web: www.futurewheels.com Se. 








Okay, so it’s not technically a hoverboard, but balanced and as you shift yourweight, they 
the self-balancing SmartGlider is the closest move the board in the corresponding direction.~ 
you're going to get to Marty McFly’stransportof Aftera bit of practice -the manufacturer 

choice for now. Although the two wheels are recommends an hour’s worth - you'll be able to 
kept firmly on the ground, you'll feellike you're getfromAto B with minimal effort. The 

gliding through the air - once you get the hang electronic board takes around one to two hours 


of it that is. Placing your feet on the board to fully charge and can travel up to 24 
activates a touch-sensitive motor that drives kilometres before the battery runs out. Plus it’s 
you forward. Gyroscopes then help keep you easily portable, weighing in at just 13 kilograms. 


How to ride a SmartGlider 


i v |i 





Step on it Find your balance Get moving 

Step on with both feet as quickly as possible. This will If the board starts beeping or vibrating, it means Gently shift your weight in the direction you want to 
avoid engaging one motor and not the other, which you’re unbalanced. Shimmy around and try to relax, and move and the internal gyroscope will send you on your 
would cause it to spin or judder. you'll find that the board does the balancing for you. way at speeds of up to 16 kilometres per hour. 
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fake aim and fire 
50 bullets in one 
session with the 
Rhino Fire Blaster 


UPGRADE YOUR PAPER PLANE 


Add smartphone control to your origami aircraft 
Price: £39.99 / $49.99 Web: www.poweruptoys.com 5 


That’s right, even the humble paper aeroplane has gone high-tech! Power Fe A 
Up 3.0 lets you fit an electric motor and rudder to your folded creation, so eS 
you can steer it using a free mobile app. The kit also comes with several 

templates to help you get folding, but here’s our favourite configuration... 


How to fold your PowerUp 3.0 






Tilting your smartphone lets you steer 
the paper plane left or right 





=> 
moar 
jo | ma \ 7 [i fee | 
Fold in one corner Fold the other corner Reinforce the body 
Take an A4 piece of paper or card and create a crease Repeat step 1 with the other corner so that they meet Fold both of the triangles you just created in half, 
down the middle. Then fold one corner into the middle along the middle crease, forming the tip of your plane. and then in half again, creating reinforced edges for the 
so that it lines up with the crease. Press down the folded edges so they stay in place. wings of your plane. 
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DID YOU KNOW? George Clooney Is reportedly a fan of Nerf guns, and likes to gannoy his co-stars with them on movie sets 










ADD SOME AI TO 
YOUR RACING 


JSyelnm (swag (s)elolsne) a celelelis 
with asmart racing game 


Price: £149.99 / $149.99 
Web: www.anki.com 


Track-based racing games are makinga 

_ comeback thanks to the latest 
technological advancements, and Anki 
Overdrive is one of the new players on the 
starting grid. The kit includes a series of 
track pieces that can be snapped together 
with magnets to create eight different 
layouts. The cars wirelessly connect to 
your smart device and a free app lets you 
(ofoyaluce)mmeter-(eecyl-yccleloyemmelelmasl=\vaer-nel 
navigate the track by themselves. Each 
vehicle has an onboard computer anda 
camera that scans the track 500 times per 
second to identify its position and 
anticipate corners or opponents. Up to 
four players can race at once, or you can 
battle Anki’s artificially intelligent 
(Coyaabetsbelelsvacmbelsincr-(oem (olvmer- Dena cvemiba 
virtual weapons to slow down your 
fo} 0) oXe)aevelomelccee-Baclavealsialen\VE-balone-Rame-(ace 








REMOTE-CONTROL CAR 2.0 


This vehicle guzzles petrol like the real thing 
Price: £969.99 (approx $1,460) Web: www.hpiracing.com 


Remote-controlled cars don’t get much more Perfect for racing enthusiasts, this RC can 

' powerful than the Baja 5B with D-Box 2. This reach top speeds of over 48 kilometres per 
large-scale buggy weighs a heftytenkilograms hourand features quick acceleration, so you'll 
and is roughly the size ofasmall dog, soitwill |besureto leave your opponents ina cloud of 
certainly give your petsa fright. Youcanforget dust. Ifthings get really competitive, the 


about chargers too, as the Baja 5B runs on heavy-duty chassis will help the car withstand 
petrol. The resulting fumes mean it’s strictly more than a few knocks and bumps, and the 
for outdoor use, but the large rubber tyres are 2.4GHz radio system promises to ensure you're 
designed to tackle all sorts of off-road terrain. always in control. 





Taking shape Fold the wings Attach the motor 

Refold the paper along the crease you made in step Fold the paper back on either side of the middle fold Slide the PowerUp 3.0 motor into the centre gulley, 
1, making sure the reinforced edges from step 3 are on to create a gulley in the centre. Fold the tips of the wings _ clipping the engine onto the front of the plane so that 
the inside of the fold. Press down the fold. upward to make the plane more aerodynamic. the propeller is at the back. You’re ready for take-off! 
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What fealens smart 
bulbs so clever? 


How one bulb can produce The Philips Hue .- 
a whole rainbow of colours smart bulb 


mart lighting is growing in popularity, {Oo 
offering a quick and inexpensive way of “ 







Smart bulbs cambe 
controlled remotely 
iqe)aam-Minat-laee)ave)are 


App-controlled 

A set of up to 50 smart 
bulbs can be controlled 
by a single app, allowing 
you to change their 
colour and switch them 
on or off remotely. 


customising a home. Most smart lighting 
systems are fitted with light emitting diode (LED) 
bulbs. When you connect an LED to asource of 
electricity, the current flows through the diode 
and excites the electrons within it, forcing them 
to release photons of light. 

Philips Hue smart bulbs contain a special 
semiconductor material that only partially 
conducts current, and are designed so that the 
flow of current running through the LEDs can be 
varied. A range of colours can shine out of the 
bulb, depending on the strength of the current. 





11 LEDs 

The Philips Hue 
has five yellow, 
four red and two 
blue LEDs, giving 
each bulb a 
maximum output | 
of 600 lumens. ‘ 


© Thinkstock; Getty 


Smart lighting is more than just an aesthetic 
gadget; it offers anumber of practical benefits 
too. It’s highly efficient, as it allows you to control 
exactly when a light should be on or off. Also, if 
you leave the house in a rush and forget to turna 
light off, you can use the app on your 
smartphone to switch it off remotely. 


How green 
roots work | 


Learn how this layered system 
erows plants on buildings 


y combining layers of waterproofing, 
drainage and soil, a green roof supports 
plant life. Each of the six to eight layers 
has a specific function. First, there’s the 
foundation layer known as roof decking. This is 
generally made from plywood, concrete or 
metal, and it shields against the elements as 
well as providing structural support. 

On top of this sits a waterproof membrane and 
a drainage layer to get rid of excess rainwater. 
This is topped with a filter fabric that stops the 
drainage from becoming blocked. The final layer 
is comprised of plants and their growing 
medium. This layer absorbs rainwater, 
providing the plants with a steady supply. 

‘Living’ roofs reduce household bills by 
providing insulation, keeping the building warm 
in the winter and cool in the summer. They are 
also a refuge for wildlife in urban areas. © 
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16 million colours 


This smart bulb can produce a huge 
range of different colours, and offers 
an abundance of alternative tones. 


ay | 


Green roofs layer by layer 


The typical structure of an eco-friendly rooftop 


Even a partially 
7 converted roof can 
benefit the 
SS. environment and 
* reduce energy bill 





Multiple uses 
The bulbs can be 
programmed to flash 
when you receive an 
email, or even to wake 
you up in the morning. 





Growing medium 

A lightweight, synthetic mix 
is preferred to standard soil, 
ensuring that no unnecessary 
strain is put on the roof. 


Filter fabric 

This lets water through but 
traps small particles, preventing 
the drainage layer below from 
getting blocked. 


Drainage layer 

Installing proper drainage is 
extremely important. This 
perforated, dimpled plastic sheet 
makes sure that rainwater can 
drain off adequately. 


Waterproof 
membrane 
To stop water seeping into the 
lower roof layers or the building, a 
rubbery material similar to pond 
lining is installed. 


Roof deck 

This layer protects the normal 
roof from the weight of the tiers 
above. It is often made of plywood 
covered with roofing board. 
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How to tunnel 





and slice through soil 


Tunnel construction 


through anything \. 


Discover how tunnel-boring machines tear apart rock 


See how engineers dig tunnels and make them safe 


Rocky ground 
Tunnel-boring machines are 
the key to tunnelling through 
rocky ground, and are much 
safer than explosives. 


The TBM 


Using cutting wheels 
that rotate at speed, 
the TBM rips the 
rock apart, breaking 
it into rubble. 


xcavating a tunnel is a complicated and 

potentially dangerous procedure, 

depending on the methods used and the 
type of ground being dug through. Tunnel- 
boring machines (TBMs) help to make the 
entire process safer and more efficient, and 
they are able to tackle tough terrain such as 
rock, which would be all but impossible to dig 
through by hand. 

These enormous contraptions are fitted with 
cutting wheels, which are pressed against the 
rock and rip it apart as they spin. When the 
head turns, it slices through the rock and 
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Teeth 

The TBM’s cutting wheel 
is covered in ‘teeth’, 
usually made from strong 
materials such as 
tungsten carbide, 
titanium or steel. 


Waste truck 

Trucks transport the 
excavated material away 
from the tunnel and to 
the surface, where it can 
be disposed of. 


reduces it to rubble. This waste is dumped onto 
a conveyor belt, which transports it to the 
machine’s rear where it can be loaded onto a 
truck and removed. To make sure the machine 
doesn’t stray off course, two drills protrude 
from the centre and cut into the tunnel’s roof, 
holding the TBM steady while it works. 

For digging through sand, silt and mud, 
there’s a risk of the tunnel collapsing under the 
weight of the earth above, so TBMs rely ona 
tunnelling shield. Invented by Sir Marc 
Isambard Brunel in the 1800s, modern versions 
are large metal cylinders which hold the sides 


Metal arches 
Helping to reduce the 
threat of cave-ins, 
these brackets 
support the weight 
of the ground above. 


aM al-merolduat-lgemst-> 
Tunnel is the 

deepest railway 
tunnel ever | it 


' As 





Soft ground 

TBMs are used for 
burrowing deep 
underground, but shallow 
tunnels can be dug from 
the surface and then 
covered once complete. 


Underwater tunnels 
Built section by section, 
these tunnels can be 
dropped into place by 
cranes and half buried in 
the seafloor. 


in place while the TBM continues to remove 
earth from the front. At the back of the shield is 
a set of hydraulic jacks, which propel the 
machine forward once a section is complete. 
While it advances, workers secure the tunnel’s 
sides with fast setting concrete. 

Even with this heavy-duty machinery, 
tunnels can take years to construct, but 
engineers are currently investigating new 
rock-cutting methods. From high-pressure 
water jets and electron beams to lasers and 
ultrasonics, these novel approaches could 
speed up the process in the future. © 
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The amount of concrete used to construct the Gotthard Base Tunnel would fill s2 Olympic swimming pools 











“Cutting wheels 
gre pressed 
ggainst the rock 
and rip it apart 
gs they spin" 





: Brunel's original design wa 
¢ the underwater Th 


TT BS Road tunnel design 
Cabling tends to be kept beneath 
the road surface, allowing it to be 

accessed and maintained 
separately by engineers. 





atic rss ts cote oe 
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The Herrenknecht Gripper 
dU) alat=)es Xela lavemantq(einlial= 
was used to cut through 
ldatemaarelelau-|iaM goles: 





©Sol9o 
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Bone-conducting headphones 


Who needs ears when you can listen to music through your skull? 


ne major flaw with regular headphones is that 

you can’t hear anything but the music being 

blasted into your ears. While this might bea 
blessing when sitting on a crowded train or bus, it also 
means that you won't hear a car come speeding 
towards you if you step into the road. Bone conduction 
offers a clever solution, sending the music straight to 
your inner ear so your outer ear remains free to pick 
up sounds from your surroundings. 

The futuristic looking Batband is a device that uses 

this bone conducting technology. Its spring steel 


How bonephones work 


Normal hearing versus 
bone conduction 


Normal hearing 
Usually, sound waves travel 
through your outer ear and ie 1 4 
make the eardrum vibrate. { ) N\ \ 
i ry 
/) ) 


ol 


‘eel 
ol 
—“/ 


Good vibrations 
The spiral-shaped 
cochlea in your inner ear 
converts the vibrations 
into electric impulses. 
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Spey 6 


frame grips around the back of your head and can be 
paired with your smartphone or music player via 
Bluetooth. When you play music, three transducers - 
two on the sides of your head and one at the back - 
emit sound waves that vibrate through your skull to 
be picked up by your inner ear. Although 
‘bonephones’ are nothing new, Batband is the first to 
be completely ear-free. It also features a microphone 
that can be used to make phone calls, and touch 
sensors on the sides allow you to adjust the volume or 
skip tracks with a simple tap or swipe. & 


Bone conduction 
When using bonephones, transducers on 
the side of the head emit sound waves that 
the temporal bone picks up as vibrations. 


Straight to it 
The vibrations travel through the 
skull to reach the cochlea in the 
inner ear, bypassing the eardrum. 


Easy listening 
The normal hearing process resumes as 
the cochlea transforms vibrations into 
impulses, which are sent to the brain. 


To the brain 
The electrical impulses travel 
along the auditory nerve to 
the brain, which recognizes 
them as sound. 





Batband’s touch sensors allow you to 
control it with simple hand gestures 


Beethoven 
used bone 
conduction to 
ate)/omallanmalstela 
alicmeiiamanlercie 
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Annual 


From the science behind love, to the latest technology trends, 
the How It Works Annual is a collection of the best content from 
the last year including over 1,000 facts about everything from 
ice skating to the life of a dinosaur. 
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A world of content at your fingertips 
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#4.) Imagine Publishing is packed with 

ne expert advice and fascinating facts. 
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@ TECHNOLOGY 


What ts 4D printing? 


This technology can produce shape-shifting objects 











hile 3D printing works byaddinglayer exactly howthe shape can bend and curl. This under certain conditions, allowing the entire 

upon layer ofa chosen materialuntila givesit the ability to change formation when it structure to transform. 

three-dimensional object is created, enters a different environment, such as water. This technology could allow products to sense 
4D printing produces objects that can transform The system uses two different 3D-printed a change in pressure, temperature or moisture 
over time. The process, which has been materials: one that remains rigid and another and adjust themselves accordingly. Pipes could 
developed by scientists at Massachusetts that can expand to fill150 per cent ofits original expand or shrink depending on the presence of 
Institute of Technology, involves feeding the volume. The expanding substance is placed water, while trainers could adapt to different 
printer a precise geometric code, defining strategically to form joints that stretch and fold sports or terrain for optimal performance. & 


Self-adapting materials 


See how 4D-printed objects can 
automatically alter their shape ; 
Smart Joints 


geometry 
The clever 
geometric code 
determines the 
direction and 
number of times 
the material can 


bend or curl. | 


Finished product ———— 


Once the shape has altered, the 





The joints are the 
shape-changing 
element, swelling in 
size when the 
surroundings 
change and moving 
the rigid parts. 





Outside forces 
Water, pressure and 
movement can all be 





The 4D process is similar to 3D material locks into place, used to trigger the 
printing, slowly building the remaining solid until the 3D-printed material 
object one layer at a time environment changes again. to change shape. 


Mapping the ocean floor 


How we charted an area that covers over 70 per cent of Earth'ssurface Seeing beneath 


ultibeam sonar(soundnavigationand § Transmitter the surface 


ranging) uses sound waves to Both the transmitter 
and receiver are fitted How do sound waves help us 


calculate the depth of water. A Eda ees tenll | io | to picture the ocean floor? 
transmitter on the bottom of the vessel fires _ aa = | _—— 
numerous pulses of sound, called ‘pings’, ; 
towards the seafloor, and once the sound waves 
hit something solid they’re reflected back up to 
the receiver. The faster the pulses travel back to 
the boat, the smaller the distance they’ve 
travelled and therefore the shallower the depth Irregular shapes 

of the water below. | , Side scan sonar identifies 

Working in conjunction with this isa system cde ail tea oe 
called side scan sonar. Rather than firing pulses firing sound pulses. 
straight down, this transmitter emits sound SL a: 
waves in all directions below the surface. The 
reflected sound waves help to build a more 
comprehensive picture of the ocean floor, 
covering a distance of 100 metres. 

Specialist computer software compiles the 
readings from both systems, and produces an 
overall map of the area. This is incredibly 
useful for scientists studying plate tectonics, 
modelling ocean currents or mapping the 
habitats of marine wildlife. & 












iy 


Sound waves bounce 
off nearby objects, 
building up a picture 
of what lies beneath. 


Multiple pulses 





© Massachusetts Institute of Technology; Science Photo Library 
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DID YOU KNOW? The earliest example of welding Is on a gold box dating back to the Bronze Age 





Arc welding versus ® 
ultrasonic welding “ 


What's the difference between these two technologies? 





Inside arc 
welding 


See how this 
technique welds 
two metals using 
extremely high 
temperatures 


Arc formation 
An arc is generated 
when the electrode 
lead is pulled away 
from the metal, 
creating intense 
heat that helps the 
metals to bind. 





elding has advanced dramatically since 

the days of pounding two pieces of 

heated metal together. There are now 
many different methods used in electronics and 
medical devices, as well asin the metal structures 
this process was originally designed for. 

Arc welding uses an electric arc to melt two 
metals together. First, a grounding wire must be 
clamped to the welding material, which is 
(ole) av asreik=ro mee. beW aera DlOn olenuyciacieleje)havzveleleelcve 
wire, called the electrode lead, is then placed on 
the metal’s surface, and when this is lifted off, an 
electrical arc is created. It looks like small sparks, 
but is actually a continuous discharge of plasma 
produced when gas is broken down by electricity. 
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Flux jacket 

As this melts, it helps to 
stop the molten metal 
forming oxides that 
could weaken the joint. 






. 


Metal filler 
Helping to form the 
join, this metal breaks 
into small particles as 
it’s heated and mixes 
with the two metals. 


Weld seam 
The resulting weld 
seam creates a 
strong joint 
between the two 


metal pieces. 


When the arcis generated, it produces 
extremely high temperatures that melt the two 
pieces of metal, as well as the metal filler at the 
electrode’s tip, which acts as a binding agent to 
help fuse the materials. 

Ultrasonic welding uses a different technique. 
High frequency sound is used to produce rapid 
vibrations, which cause the materials to rub 
together and become hot. In most metals, this heat 
is roughly one third of the melting temperature, 
and removes the metal’s outer layers. Exposed 
metal atoms move between the surfaces and form 
bonds. In plastics, ultrasonic welding actually 
melts the two materials, helping the plastic 
molecules to mix and form bonds. *% 








PAN com\iVicitel [ate m ioere) 
hazardous process, 
requiring the welder to 


wear protective clothing 





Joint preparation 
The two metals should be 
free from rust, oil, water 
and paint to guarantee the 
formation of a strong weld. 


Arc shielding 

A gaseous cloud 
protects the join from 
air, oxides and nitrides, 
which can reduce the 
strength of the weld. 


Clamp 

The grounding wire 
connects to the metal, 
which is attached to the 
AC/DC power supply. 


Ultrasonic _ 
plastic welding 





Applying pressure 

AN KoXo) Kore ¥ OKexe Ws cioya lola aelelem 6) cerstsrers 
(oKoyiieemovemmelsmanvone)tstsvulecmeersls 
are to be welded in order to 
amplify the vibrations’ effect. 


Vibrations 

WW oleRsroyaleluqele(smisloyeshnstseell 
around 40,000 times a second, 
generating heat. The plastics 
melt, mix and form bonds. 


The weld 

(O} aXer=m nd olom 6) t-toiu (em ots tomaere) (sr0l 
down, the sonotrode is carefully 
retracted and the weld is 
complete. This process is clean, 
fast and safe. 
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The ocean appears blue because it reflects short wavelengths of light (such as blue} and absorbs longer ones 


The subterranean canyon off 
the coast of Nazaré creates 


incredibly tall waves, mak 


ita popular surfing g 












2 Tallest waves 


It’s the stuff of every offshore, whichisa 
big-wave surfer’s dreams: 200-kilometre long ravine 
the 30-metre wave. Praiado that works to combine the 
Norte near the coastal energy from waves that 
village of Nazaréin have travelled across the 
Portugal is at one of the Atlantic, currents from the 
most westerly points of canyon, gusting winds and 
Europe, and bears the local tidal forces into 

. oyabuelmeymmetoucyiV(-1-je) bets colossal waves. 

“te Atlantic swells. Europe’s 


JEWgexet]mebaXe (=) auVrciK=y mes b Okie) 0 
Nazaré Canyon, lies just 


3 Fastest 
growing 


Plate tectonics can cause chaos 
through earthquakes, buttheycan 
also cause oceanstogrow.The 
region offshore from Chile 

on the East Pacific Rise, 

Pacific plate is pulling a aw 

the Nazca plate, is the Si) of tk e aa 
fastest seafloor spreading on Eart 

This is where two plates pull aw 

from each other, and magma 
bubbles up from the Earth's core ti 

fill the gap. In this region, up to 1 
centimetres of new seafloor is 
produced per year. 4 
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| Astorm name.is 
retired if, like 


4. Extreme 
00) tp ee 


Ocean: 
Is there such a thing as the ‘perfect storm’? 
Fishermen who make their living out on the waves, battling everything 
the Pacific throws at them, will tell you that this is one of the cruellest 
oceans on Earth. 

It’s the tropical region that whips up this meteorological frenzy and 
creates the mother of all storms: hurricanes. Fed by very warm, moist 
air, these weather systems usually form between June and November, 
and need to reach120 kilometres per hour or more to be classified as a 
hurricane, typhoon or cyclone. These three terms describe the same 
event and just depend on the origin of the storm. In the Atlantic and 
Northeast Pacific the storms are hurricanes; in the Northwest Pacific 
LW aLs\Vab Cem cea leyiisou-tce-Mayge)eloleyabe-elombemaalcmoyel0ioem ac-lerbulen-Dalombalont-bemele-r-vel 
the weather system is termed a cyclone. 

Hurricanes can travel huge distances across oceans, spinning 
anticlockwise in the Northern Hemisphere and clockwise in the 
Southern Hemisphere, fed by the warm conditions of the tropics. 
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Hurricane formation How the vast, swirling storms begin life at sea 


z ed (ol Ufo Mi colgnat-ia(ela Rotation begins Mature storm 

2 Over warm, tropical waters, seawater begins to uM atom'\cla ani] exexe)aleiale(=\omnom aicr-Mmerelo) r=] ale m=10 [e14 AVs\F-To aaa anle)icimra| | arexelalaial(-\omuom dic\omice)anmmal=moler-t-] a) 
< evaporate. As it rises, it cools to rapidly form clouds. Tamantela=w-llaniae)eamual=@ielagelelateliavesom els) (e)Amer-lialiale| rate xela aatcmes(el0le lol alm oy-|alekcw-] celelavemualsmc\{oMe)muals) 

5 (Oxole) (=1ar-]|amaaelanmuat=Bolelagelelarellalem-]act-Maelcial-soml amine) energy. As the Earth rotates, the clouds start to i=} Ko) agen Oxole) Pure) AVar-]] ae=1101,<-m dal celele| am ualem=\\.-m-lalep-] ise) 

o replace the warm air, which then warms up and rises Jo) a KoloeM-Walel ad (or-] a(oWicmce) a nalcreme)ale-MuUlale ms) elel=10[s flows out between the cloud bands at the edges of 

E Yer} [a pmor-|Uls/ale Me) olele-] nue reach 120km/h. the storm. 
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DID YOU KNOW? Most of the oxygen we breathe originally came from the activity of photosynthetic organisms in the ocean 
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5 Deadliest 


An entire ocean poised 


and ready for destruction pollu ted 


Beneath the Pacific Ocean lies a patchwork of molten terror 


known as the Ring Of Fire. Earth’s crust is made up of The dead zone in the Gulf of Mexico is 


tide 
tectonic plates that fit together like a jigsaw, floating overa one of the most extreme cases of ocean 


layer of molten rock. At boundary zones, plates rub against pollution. It covers almost 17,000 square au iG Haste Oridats, 2ehy iN Uine sis dats 
each other, push against one another or pullaway from one | Kilometres of hypoxic water —- where very wie ie oi ae anor dis 
another, each with differing consequences. In the Pacific little or no oxygen is present. Nothing Se a eee eee ane wilde 
Ring Of Fire, the landmasses that surround the oceanareat | Cangrow there, as almost all organisms eee ee nie 














the boundaries of these re require oxygen to survive. Dead zones tide i this see ae a sah 
plates. Home to 90 per cent of [A)\"/it=te= South ge are caused by nutrient runoff from the Dee A ae ae Ss age 
North America, act land (such as agricultural fertilisers) that during each tidal cycle. The huge tide 
earthquakes, the Ring Of Fire |X ‘¢. Japan ; 
‘cactivity, RUAOnexc uc ieaaee cause an excess of algal growth. When isa result of the bay’s shape and 
is a hotbed of tectonic activity. lan ne, 
and New Zeala Ganen the algae dies, it decomposes and depth, as the water within the bay 
Ocean: Pacific S consumes all of the oxygen in the water. oscillates (like water sloshing from 


. . (o)aXem=yeleme)ir-Mer-ldelablomnon-beloleel-vapeel 
Dead zones occur in various oceans and inland ; 
water bodies, shown here with red dots sync with tides from the Atlantic. 


The Bay of Fundy stretches for 270km along 
PS Canada’s east coast and is a tourist hotspot 
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*1n 2011, an earthquake caused a = 
devastation in Japan, which is == ; 
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An incredible feat of survival, 
the icefish can survive 
temperatures of -2°C 
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Time for 1m? of water 
to travel around the 
world’s currents 






Number of icebergs 
produced in the 
PAV goad (omr-lalalereliN 


ai ar-moveleiual=)aam@le-t-|anis 
ake) aal=m Rend av-mexe)(e(=1-) mrs] ale! 
stormiest waters on Earth 
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Take a breath and dive deeper than Everest is tall 


9 Deepest 
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DID YOU KNOW? Ina cubic kilometre of seawater, there are gpproximately 26 million tons of salt [as sodium chloride) 
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Supergiant amphipods 


This super-sized crustacean (related to 
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and are found on the abyssal plain. 


Grenadier fish 
Often termed rat-tail fish, these critters 
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Some of the deepest-known 
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Snailfish 
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at 8,145m below the waves. 


At the very bottom of the ocean, just shy of 11,000 metres 
below the surface, sunlight is long gone and all that is leftis 
inky blackness. The Challenger Deep is part of the Mariana 
Trench, a deep score across the sea floor of the Pacific basin 
that is formed at a subduction zone, where one tectonic plate 
(oBEst=} 0) olat-B acm ofe)elcr- la el b ele) el-) em Lupton maCemelct-) ol-1om ole) pelea! 
Earth’s oceans, and with over ten kilometres of water 
overhead, the hydrostatic pressure is 1,100 atmospheres - 
the equivalent of inverting the Eiffel tower and balancing it 
on your big toe. 

The water temperature at the bottom of the Challenger 
Deep is just above freezing, and the trench is filled with 
clouds of silt, formed from millions of years of ocean garbage 
falling from above and slowly rotting away. However, 
despite the pressure, darkness and coldness of the 
environment, life still prevails! The deep sea is home to an 
array of strange and wonderful creatures that survive 
against all odds, having developed clever mechanisms to 
deal with the extreme conditions. 

The Challenger Deep was first explored in 1960 by Swiss 
scientist Jacques Piccard and US Navy Lieutenant Don Walsh 
in the Trieste submersible, which set a record by diving toa 
depth of just over 10,915 metres. Since that seminal dive 
there have been multiple attempts by both manned and 
unmanned vehicles, the most recent made by explorer and 
film-maker James Cameron, who managed to reach a depth 
of 10,898 metres in his Deepsea Challenger submarine. 






Seawater filters through the rocks 
into the crust, becomes super- 
heated and is ao vents 
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How stinging 
netties get __ 
under your skin 


The injection of toxic chemicals 
that leaves you in agony 


tinging nettles can ruina walkin Although this is capable of producinga 
the countryside, causingasearing sting, itisonly presentin very low 
pain if you brush your leg against concentrations, so is unlikely to 
them. The stinging sensation can last for cause the pain. 
hours, but it’s still not clear what causes it. Two neurotransmitters in the 
What we do know is that nettles are liquid, serotonin and 
covered with lots of tiny hairsthatactlike acetylcholine, are thought to have 
needles. When you come into contact with moreimpact, sending signals to 
these hairs, they pierce your skin and your brain that are interpreted as 
inject you witha cocktail of chemicals, pain, while histamine causes 









only some of which have been identified. inflammation of the skin. Nettles use this 
One known component is formic acid, self-defence mechanism to stop animals 
which is also found in ant venom. eating them. 


A stealthy sting 


What happens when you 
touch a nettle? 


Trichomes 

yi ale[iale Matsa (stoma) «omere)V{=) ale) 
Tal dia\vaace)| (o)ivm at-ll esmer-]i(eve! 
trichomes, which are made 
of silica, just like glass. 
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snaps off, leaving a razor sharp 
edge that pierces your skin. 


Painful injection 
The pressure inside the 
nettle hair fires the toxic 
liquid into your skin. 


sey dfom (Ce leice 

At the base of the hair is a 
sy-[e1 ae) make) <(om ile [elle 
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painful chemicals. 
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From the Chihuaha to the bulldog, man’s best friend is just one 
species: Canis familiaris 











9 ENVIRONMENT 


What causes 
drought? 


How a slight shift in wind patterns 
can have terrible consequences 





or areas that rely on regular rainfall to 

nourish vegetation, animals anda large 

human population, drought can be 
devastating, but in other parts of the world, hot, 
dry weather is a normal everyday occurrence. 
These arid climate conditions are caused by 
circulatory patterns of air inthe Earth’s 
atmosphere, known as Hadley cells. 

In this weather system, intense exposure to 
sunlight at the equator causes warm, moist air 
to rise. As the air rises, it cools again, forminga 
low-pressure system that results in regular 









thunderstorms across the region. Above these 
storms, the jet stream - a current that flows 
through Earth’s upper atmosphere - carries the 
air towards higher latitudes until it eventually 
descends over the tropics north and south of the 
equator. As it falls, it creates a high-pressure 
system that is responsible for the arid 
conditions of the Sahara and other deserts that 
populate this region. 

Slight changes in this movement of air can 
result in unusual - and sometimes catastrophic 
—- weather activity, such as flooding and 


Convergence and divergence 


How the movement of wind creates wet and dry weather 


Descending air 
The void left by the 
diverging air at the 
surface is filled by warm 
air sinking from above. 









High pressure 
The descending air 
creates a high-pressure 
system, bringing with it 
clear, dry weather. 
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Diverging winds 
When the wind blows 


Ascending air 
As the converging 
air has nowhere else 
to go, it rises, 
causing it to cool. 


two masses of air 


away from each other 
they rotate outwards, 


or diverge. 
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Drought occurs when an 
~ extended period of high 
pressure brings very little rain 
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drought. For example, ifthe air that normally 
descends over the tropics in the Northern 
Hemisphere is carried further north by the jet 
stream, it can bring extended periods of high 
pressure to Europe. This can cause 
precipitation levels to fall below the expected 
average for the region, resulting ina period of 
non-seasonal drought. 

Despite using advanced weather prediction 
models, experts are still only able to forecast 
drought when it is less than a month away, 
making it hard for countries to be prepared. & 


Low pressure 
The rising air creates a 
low-pressure system 
and condenses to form 
clouds that create rain. 






















Converging 
winds 

When the wind 
blows two masses 
of air towards 
each other they 
rotate inwards, 
or converge. 
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Vintage Watch Movement Cufflinks 


1920s - 1950s watch movements reincarnated 
as cufflinks, set with their original ruby jewels, 
backed with vintage leather and presented in 
vintage inspired box. £49 


Visit www.prettyeccentric.co.uk 
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Hull’s award-winning aquarium is home 
to 3,500 fish including a stunning pair 
of Green sawfish, spectacular sharks and 


rays, as well as a colony of Gentoo penguins. 


Enjoy amazing aquatic species, dive shows 
and feeds, touchpool sessions, interactive displays, 
viewing tunnel and underwater lift. 





Fuel of 
the future 


How will we power our vehicles when we 
exhaust Earth's oil supplies? 


eports indicate that roughly 1.2 billion 

vehicles occupy our roads, and this 

number is constantly on the rise. By the 
year 2035, this figure is expected to reach two 
billion. As traditional sources of fuel start to 
dwindle and prices keep on rising, it’s 
imperative that we find alternative fuels. 

Although there is no shortage of options, we 

are still searching for one breakthrough energy 
source that can bear the brunt of our 
requirements. Solar power, biofuels, wind and 
ethanol have all been suggested, but among the 
most viable replacements for petrol and diesel 
is hydrogen. It’s the most abundant element in 
the universe and is environmentally friendly, 
as burning it produces water and heat, both of 
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which can be recycled. The problem is that 
getting it into a form where it can be used as 
fuel requires energy to be spent, unlike oil or 
natural gas. Hydrogen is also difficult to store 
and currently, the infrastructure is not in place 
to distribute it to petrol stations. Hydrogen 
power is certainly promising, but while these 


issues remain, its use will be extremely limited. 


Another popular alternative may be electric 
vehicles, which use rechargeable batteries 


instead of combustion engines to power motors. 


By 2020, many believe that electric cars will be 
priced similarly to traditionally fuelled 
vehicles. This has prompted scientists around 
the world to look at new methods for producing 
electricity. One option is to mimic 


The latest concept 
car from Toyota, the 
FCV Plus, is 
powered solely 

by hydrogen 





photosynthesis - the process used by plants 
and other organisms to turn sunlight into 
energy — for commercial use. Recent 
breakthroughs mean that it’s now possible to 
replicate the precise chemistry in the lab, 
which could pave the way for the creation of 
storable solar fuel. 

The reality is that in the coming decades, the 
fuels we have relied on for so long will continue 
to be used, but the hope is that we can reduce 
our dependence on them. We've spent the best 
part ofa century building a global economy 
around oil so it will take a long time for this to 
change. However, the scale of this issue means 
there is a global effort to develop eco-friendly 
alternatives that can replace fossil fuels. 
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On average, the UK uses 46 million litres of petrol and 74 million litres of diesel for road transport per day 







Evaporation power 


‘ ‘ y 

Learn how scientists have harnessed one of water’s The moisture mill 

; i 4 ; Take a look inside the ingenious 
natural processes to drive a miniature vehicle evaporation engine 

pe Evaporation Bacterial spores Creating torque 
Evaporation isa fundamental part ofthe When the water in the The tiny tape-mounted spores within The lengthened tape creates an 
water cycle, where liquid turns into a gas chamber walls the chamber absorb the moisture and imbalance, shifting the centre of 
due to anincreasein temperature or evaporates, it creates a expand, lengthening the tape and mass away from the axis to create 
humid environment. therefore changing its centre of mass. torque - a force that causes rotation. 


pressure. Despite being a dominant form 
of energy transfer on Earth, this huge 
power source has remained untapped by 
scientists, until now. Researchers at 
Columbia University, New York, believe 
they have made a breakthrough, with the 
help of bacterial spores. 

These spores typically exist in dry 
places, but when they are exposed to 
moisture they readily absorb it, and then 
shrink back when they return to a dry 
environment, where the water 
evaporates again. The spores stretch and 
contract like flexing muscles, depending 
on the presence of water in the air. 

Scientists realised that this property 
could be exploited to power a system, 
and set about developing a device to 
showcase this. They added spores to 
small strips of plastic tape and increased 
the humidity so the spores expanded, 
lengthening the tape they were mounted 
on. When the researchers combined 
many lengths of tape together, they were 
able to increase the force that this 
bacterial action created. 

Using this principle, the experts have 
managed to create a working vehicle 
powered by a ‘moisture mill’, which is 
essentially a plastic wheel with a large 
quantity of tape-mounted spores around 
it. Half of the wheel is placed into a humid 
environment and the other halfina dry 
environment. As the spores expand when 
humidity is high and contract when it’s 
low, amass imbalance is created on the 
wheel, causing it to spin. To power a toy 
car, the scientists simply connected this 
spore engine to the wheels via an elastic 
band and, sure enough, the car moved 


© Thinkstock 


steadily forward. 
The number of potential applications The water-absorbing 
for this technology is vast, but what ame ae, 
‘ 2 : 5 1 1 ss} OF 0) dsm ore] a OL—M <> 40) (0) 1 Ko) 
excites scientists the most is that they can Spinning Water | eee 
wheel released Gas, POS aaa 
use evaporation to both proauce Sneney As the wheel turns it Once the bacterial / 
and save water at the same time. It may moves the rubber spores reach the dry air 
be many years before we fill our vehicles’ band, which rotates they release their water 
‘ani tht far burthi the vehicle’s front and shrink, and the 
ewe ap Wwateluu : wheels and propels centre of mass reverts to 
breakthrough proves that engines the car forward. its original position. 
powered by evaporation might be more 
science than fiction. 
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‘Breathing’ batteries 


New technology could help electric cars go the distance 


Electron flow 


The efficiency of electric cars is unmatched by sepeiaiaa 
The lithium ions and 






Inside a 
breathing battery 


See how a lithium-air battery 
uses oxygen to generate an 
electrical charge 


their fossil fuelled rivals, but they are held back 
by their limited range. Chemical engineers 
from the University of Cambridge believe they 
have overcome this obstacle by devising a 
lithium-oxygen battery that can be recharged 
more than 2,000 times. These ‘breathing’ 
batteries harness the energy produced when 
lithium reacts with oxygen in the air. Like all 
batteries, they have three basic parts, a positive 
electrode (the cathode), a negative electrode 
(the anode) and an electrolyte, which acts asa 
conducting medium to allow the flow of ions 
between the electrodes. 

The key to the new design is a graphene 
cathode, which is a more resilient material than 
previously used forms of carbon. This works 
alongside a new electrolyte, which results ina 
by-product called lithium hydroxide. Instead of 
coating the anode as in previous designs (which 
gradually wears down the battery), this 
by-product decomposes with every charge. 

With this technology, researchers hope that 
electric cars could be driven for as far as 800 
kilometres on a single charge. Despite being a 
long way from featuring in a Nissan Leaf ora 
Tesla, these batteries bring us closer to long- 
distance electric cars than ever before. & 


Boeing’s eco 
technology 


How a tiny tail tweak can 
make massive fuel savings 


A passenger plane such as the Boeing 747 burns 
around four litres of fuel asecond, which 
equates to 150,000 litres over a ten-hour flight. 
With roughly 100,000 commercial flights 
departing each day, airlines are keen to boost 
fuel efficiency by any means possible. 

A good way of doing this is to make the plane 
lighter, which has prompted Boeing to 
experiment with the tail design on their planes. 
Asmaller vertical tail, which has been trialled 
on their ecoDemonstrator 757, has 31 tiny 
devices that blow air directly onto it, known as 
sweeping jet actuators. These create the same 
side forces during take-off and landingasa 
larger tail, while reducing weight and therefore 
fuel consumption. The ecoDemonstrator 757 has 
made a series of successful test flights. 
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electrons simultaneously 
flow from the anode to 
the cathode, creating an 
electric charge that can 
power an engine. 


HO +0, 
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Lithium ions 

The lithium anode 
reacts with oxygen to 
produce lithium ions. 











Graphene electrode 
The lithium ions react at 
this carbon-based 
electrode, producing lithium 
hydroxide crystals that 
decompose when the 
battery is recharged. 


Oxygen supply 

In test models, pure oxygen is 
needed, but it is hoped that 
eventually oxygen can be 
supplied from the surrounding air. 


Electrolyte 
The new and improved 
lithium-air battery electrolyte is 
made of dimethoxyethane 
solvent and lithium iodide salt. 


The ecoDemonstrator 757 


With active flow control, 
Boeing’s smaller vertical tail 
provides excellent stability 
and directional control 


Testing the system 
To test the system’s efficiency, 
Boeing fitted the tail with 
numerous instruments to 
measure the flow of air. 







Actuators 

A series of tiny actuators are located along 
most of the length of the tail, releasing air 
through exit nozzles at high speed. 


Stabiliser 


Exit nozzles 

When the air is expelled, it creates the 
same side force during take-off and 
landing as a larger vertical tail does. 


Rudder 


Heat 
exchanger 
Located under the 
plane, this sucks in 
air and sends it to 

the actuators. 
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The US produces g billion kilograms of hydrogen each year, enough to power 30 million cars 









Hall thruster engines 


Regular rocket engines work by the principle of 
Newton’s third law of motion: every action has 
an equal and opposite reaction. By firing exhaust 
gases out from the rocket engine’s nozzle, a 
reactive force is produced that pushes the rocket 
in the opposite direction. This method has been 


Engineers from the Glenn Research Center have 
developed a Hall thruster, a type ofion engine 
that will use ten times less fuel than a chemical 
rocket equivalent. It works by electrically 
charging the propellant (usually xenon gas), 
which then gets accelerated in an electric field so 


it is fired out from the engine at high speed, 
producing thrust. This method of space 
propulsion is safe, cost-effective and much more 
efficient; itis hoped that Hall thrusters will propel 
an asteroid-redirect mission in the 2020s. 


used since the earliest space flights, but is 
shatcyauea(=yolmr-balemale)m-Wicr-tsilo)(-mentcimelelemeymerenucvapers 
long-distance trips. 

That’s why NASA are working ona propulsion 
system that could overcome these problems. 
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Hybrid train 
technology 


By combining a conventional diesel engine with an 
electric drive system, engineers from Rolls-Royce believe 
they can make trains more efficient. The Hybrid 
PowerPack includes the standard diesel engine and 
cooling system, but is also fitted with an additional electric 
propulsion module and an energy storage system. The 
latter produces a type of regenerative braking, which was 
first used in Formula1 cars. The kinetic energy created 
when the train is slowed down can be recovered by an 
electric motor, and then stored in batteries to be used later, 
rather than being wasted. This is particularly useful for 
trains that frequently stop and start during their journey. 
In the first trials carried out in early 2015, this hybrid 
technology reduced fuel consumption by 15 per cent 
compared to a standard diesel journey. 
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Fitted with ion thrusters, 
» “ » NASA's Dawn spacecraft was 
able to visit the giant asteroid 
gesta, and is currently at Ceres 


“The Hall 
thruster will 
use ten times 
Jess fuel than a 
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chemical rocket - 


equivalent: 
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The Hall thruster will 
enable spacecraft to 
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Hybrid PowerPack was 
extensively tested over six 
weeks, during which the 
train travelled 2,300km 


How It Works | 069 
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The Super Yacht Sub 


Explore life beneath the waves in this luxury submarine 


he Super Yacht Sub 3 (SYS3) is a personal submersible Exploring the oceans 

that gives three passengers the chance to explore 300 See the features that help the submarine to function underwater 
metres below the ocean’s surface. Measuring just 3.2 

by 2.4 metres, this compact vehicle was designed to fit on Safety Single lifting point Underwater visibility 

board a super yacht. The safety buoy is The sub can be lifted from the The sub’s viewing window is 

; automatically top using only one cable, made from acrylic, which 

Four powerful, electric thrusters propel ae SYS3. Two of released when the making it easy to retrieve withstands 3,600 tons of 

these are mounted at the rear of the sub, whilethe othertwo — sub dives, marking from the water and return to pressure when the vehicle 

are mounted on the side, allowing movement in any its position to anyone the yacht’s garage. dives to 300 metres. 


direction. The power comes from a lithium-ion battery, abe cuiase: 


which provides 21.6 kilowatt-hours to the thrusters and 
onboard operating systems. This enables the sub to reacha Ma 

top speed of 2.8 knots (just over five kilometres per hour), ea —— | 
both underwater and on the surface. 

The submarine is steered using a unique, dual-joystick 
controller, not unlike those used for games consoles. As well 
as operating the sub, the controller has an important safety 
role. It features a ‘dead man’s switch’, which must be pressed 
every ten minutes to prevent the sub from returning to the 
surface, acting as a constant check on the submarine’s 
occupants. The SYS3 base model costs a bank-breaking £1.6 
million ($2.4 million), but if you already own a super yacht, 
that’s justa drop inthe ocean! @ 


The SYS3 can be driven at sea 
level as well as underwater 





Power 
Thrusters The lithium-ion battery Controls 
Four thrusters allow provides 21.6 kilowatt-hours Operated mainly by the handheld 
the sub to move in of power, allowing the sub to controller, all other controls are kept 
all directions while dive for up to six hours ona away from the front to leave the 
underwater. single charge. underwater view unobstructed. 
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U-Boat Worx; Alamy 
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As the tyres wea r down during 
the race, they can each lose 
around half a kilogram in weight 
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MViercedes Fl 
WO6 hybrid 


Winning almost every race, Mercedes’ 
2015 Formula One car owes much ofits 
success to ingenious engineering 





n 2014, the governing body of Formula One 

decided that it was time to introduce hybrid 

engines, and in doing so, changed F1 forever. 
The 2.4-litre V8 gas-guzzling monsters were 
replaced by the more economical, less noisy 
1.6-litre V6 hybrid. The restrictions limited the 
amount of fuel the cars could consume, so it was 
arace to develop new technologies within F1. 

World Championship winners, Mercedes 

AMG, created the PU106A/B Hybrid Power Unit 
with a turbocharger that uses waste energy from 
the exhaust to power the car’s compressor - the 
part that draws in air at high pressure before it 
enters the engine. The internal combustion 
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engine is powered by fuel, making it the 
traditional part of the hybrid engine. It 
consists of six cylinders arranged ina‘V’ 
formation — hence the name V6 - and 
inside each one isa piston that moves as 
fuel in the cylinder is ignited. As the 
pistons move up and down, they drivea 


crankshaft, which in turn spins the car’s wheels. 


Whereas the crankshaft rotational speed of 
the V8 engines was up to 18,000 revolutions per 
minute (RPM), the V6 is limited to 15,000 RPM in 
accordance with the new F1 regulations. The 
reduction in speed, fuel capacity and number of 
cylinders means there is less friction so the caris 

















After this season’s victory, Lewis 
Hamilton has now won three world 
championships, two with Mercedes 


more fuel-efficient. This, coupled with the 
energy-recovery technology of the turbocharger, 
means that Fiis now more relevant to road car 
research and development, according to 
Mercedes AMG. * 
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In 2015, Formula One celebrates 65 years since its very first race, which was attended by King George VI 


Hybrid engine 

The PU106 Hybrid Turbo is 

a 1.6-litre V6, capable of 

STATS producing 15,000 RPM in 
ee its mid-mounted, 
WEIGHT: Prioritised safety rear-wheel drive format. 


702k features 
(j The cockpit is fitted with a 


survival cell that features 
HEIGHT built-in, impact-resistant 


construction with sturdy 
0.95m penetration panels, as well 


as front and rear roll 
WIDTH: 
Lém 


structures to protect the 
driver in a crash. 




























Immense cost 

In material costs alone, the 
average Fl car is wortha 
staggering £1.7 million ($2.6 
million). The steering wheel 
is worth more than your 
average family car, at 


around £50,000 ($77,000). 
Tyres 
F1 has used Pirelli tyres 
exclusively since 2011. 
There are six different : 
Chassis 


models depending on race 
conditions, ranging from 
the slick super softs to 
treaded wets, which sit on 
magnesium forged 
Advanti wheels. 


The car’s bodywork is made 
mostly of a carbon fibre 
composite, which is used for 
the engine cover, sidepods 
and the front and rear wings. 
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Front nose High-tech suspension 
The short nose of the WO6 remains much the same as in its Both the rear and front suspension systems are fitted 
predecessor (the WO5), with the addition of two sections on with carbon fibre wishbones, providing the most 
the underside, which improve airflow. efficient and smoothest possible ride for the driver. 
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MVCTIONS 


From brutal torture devices to bizarre medical treatments, 
these terrifying contraptions reveal a darker side of innovation 


"rom the wheel to the World Wide Web,we _ gruesome events were usually carried out in were designed to kill instantly, chemical 


om have invented some truly ground-breaking publicto deter others from following in the weapons could draw out death for several 




















things during our time on Earth. Yet footsteps of the accused. agonising days - thankfully, this form of warfare 

throughout history, inventors have also been Even if you weren't sentenced to death, there is now prohibited. 
known to put their skills to use in horrifying were plenty of ghastly implements that could be Weare also lucky that some medical devices 
ways, creating contraptions that have caused used to torture you instead. Typically used to from history are no longer used. Despite being 
unimaginable suffering. extract a confession or information about designed with good intentions, many medieval 

In the past, ifyou committed aterriblecrime,a accomplices, torture was popular in medieval procedures were truly stomach-churning, : 
punishment much worse than a long prison times, with the screams ofvictimsechoingfrom makingatrip tothe doctor quite the ordeal. E 
sentence awaited you. From boiling peoplealive castle dungeons across Europe. So as you drive around in your car and browse : 
to sawing them in half, execution methods were War has also inspired a wide selection of the web on your phone, be grateful that the ia 
often developed to beascruelas possible. These  horrificinnovations. While guns and bombs inventions you use aren't gruesome like these... : 
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: The last guillotine execution in France took place less than 40 years agp, in 1977 





Through the trap door 
The victim is placed inside the 
hollow brass bull through a trap 
door in its back or side. 
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One of the most brutal methods of execution 
ever created took the form ofa hollow bull 

statue. Invented in ancient Greece by Perillus, a 
bronze worker in Athens, it was given asa gift to 
a cruel tyrant named Phalaris of Agrigentum. 
As well as roasting criminals alive, the device 
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Geucifixton_ 


Devised over 2,500 years ago as 
punishment for the most serious crimes, 
crucifixion would kill victims in a horribly 
drawn-out and painful way. With their 
wrists and feet nailed or tightly bound to 
a cross, and their legs broken by the 
executioners to speed up death, the 
victim’s weight would be transferred to 
their arms. This would gradually pull the 
shoulders and elbows out of their 
sockets, leaving the chest to bear the 
weight. Although inhaling would still be 
possible, exhaling would be difficult and 
the victim would eventually suffocate 
due to a lack of oxygen. This excruciating 
process could take 24 hours. 


* so 


Crucifixion would lead to suffocation 
and multiple organ failure 






also doubled as a musical instrument, 
converting the victim’s desperate cries into 
what Perillus described as “the tenderest, most 
pathetic, most melodious of bellowings”. 
Distrustful of the inventor’s claims, Phalaris 
ordered Perillus to climb inside and prove the 
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Louis XVI and Marie Antoinette 
were both publically executed 
using the guillotine 

















Guillotix ine 


Although beheading methods had already been around for centuries, in 1789 French 
_ physician Dr Joseph Guillotin proposed a much more efficient and humane device 
for decapitation. When the executioner released the rope holding the guillotine’s 
weighted blade in place, it would drop onto the victim’s neck, killing them in a 
fraction of a second. This helped to eliminate the human error that was 
common with axe and sword beheadings, which sometimes required the 
executioner to deliver multiple swings to fully remove the head. Although 
*~\ quick, guillotine executions were popular spectator events during the 
French Revolution and the guillotine operators become national celebrities. 








device’s musical capabilities himself. However, 
as soon as he was inside, Phalaris shut the door 
and lit a fire beneath, causing Perillus to scream 
for real. However, rather then letting him die at 
the hands of his own creation, Phalaris had him 
removed and thrown offa cliffinstead. 









Hear the 

bull roar 

The victim’s 
screams leave 
through the 
nostrils of the bull, 
sounding like the 
bellowing roar of 
the beast. 

















“ Modify their screams 
A series of pipes in the bull’s head 
amplify and distort the victim’s cries. 





+ Slow cooking 

The heat from the fire turns the 
bull into an oven, slowly roasting 
the victim inside. 



















2 Light the fire 
The door is closed and 
a fire is lit beneath the 
belly of the bull. 


Illustration by Tom Connell / Art Agency 
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Glectric chair 


Electrocution was introduced as a 
quicker and supposedly less painful 
method of execution than hanging in the 
1880s. When brought to the electric 
chair, a person has their head and one 
calf shaved to reduce resistance to 
electricity and is strapped in across their 
waist, arms and legs. A moistened 
sponge is then placed on their head and 
an electrode in the shape of a metal 
skullcap is secured on top. Another 
electrode is attached to their 
shaved leg and then the 

power is switched on. 


2,000 volts pass 
4 






























through their 
body, paralysing 
the respiratory 
system and 
causing 

cardiac arrest. 


Electrocution is 
still used as a 
method of 
execution in some 
US states 
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“Alanw prisoners would 
san arpthing to end 
their suitterring 


Torture has been used asa method of 
punishment and interrogation for . - 
centuries, with the ancient Greeks and 

Romans regularly torturing criminals as 

part of their justice system. However, by 

the Middle Ages torture had become * 
particularly prevalent, especially in 

response to crimes of treason. If you had 

been disloyal to the sovereign and your 

country, a whole plethora of horrifying © 
torture devices awaited you. 

Torture was usually conducted in 
secret, with most medieval castles 
featuring an underground dungeon in 
which these diabolical deeds took place. 
A great deal of ingenuity and artistic skill 
went into developing instruments that 
would inflict the maximum amount of 
pain. Often simply threatening to use one 
on a person was enough to get them to 
confess, while others would quickly give 
in after seeing it used ona fellow 
prisoner. Some torture devices were 
designed to only inflict pain, but others 
would result in a slow, drawn-out death 
that prolonged the suffering until the 
victim drew their last breath. 

However, even ifa prisoner was lucky 
enough to survive the torture, they were é 
usually left severely disfigured and often. 
had to be to be carried to their resulting 
trial, as they could no longer walk on 


és 3 at) | Y & C 2 @ y 4 
their own. From the mid-17th century . | Breaking wheel 2 Che rack 4 Iron maiden 
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onwards, torture became much less 
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commonas there was much speculation With the victim s limbs tied to the | With their hands and feet tied to A series of menacing spikes 

: . ; spokes of this large wooden wheel, it rollers at each end of the wooden protruded from the interior of 
about its effectiveness. Many prisoners would be slowly revolved. As it spun, frame, the torture victim would be this iron chamber. With the 
would Say anything to end their é the executioner would bludgeon the subjected to intense interrogation. If victim inside, the door was 


suffering so it often pro duced inaccurate victim’s arms and legs with an iron they failed to confess to their crimes closed slowly, causing the 


information or false confessions. It wasn’t 

until 1948 that the United Nations General 
Assembly adopted the Universal ‘& 
Declaration of Human Rights, banning 

the use of torture. 


hammer, shattering their bones one by _ or give up the information the torturer strategically placed spikes to 
one. If the victim survived this, they was looking for, a crank would be pierce their body. However, the 
were placed on top of a large pole, so turned to rotate the rollers. This would spikes were not long enough to 
birds could peck at their body until they pull on the ropes, gradually stretching be instantly fatal. Instead, the 
eventually died of dehydration, which the victim’s body and causing intense _ victim would be left to slowly 
could take several days. pain, eventually dislocating their limbs. bleed to death. 
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DID YOU KNOW? Guy Fawkes was tortured for three days after his failed attempt to blow up Parliament in 1605 
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With the victim’s chin placed 
over the bottom bar and their 
head beneath the metal cap, 
the executioner would slowly 
turn the screw to bring the two 
together, only stopping if the 
victim gave the right answers. As 
the victim’s head was crushed, 
their teeth would shatter into 
their jaw and their eyes would 
pop out from their sockets. 


bd € 


5 Chumbscrew 


Used as punishment or a method 
of extracting information, the 
victim’s fingers, thumbs or toes 
were placed between two 
horizontal metal bars. When the 
screw was turned, the two bars 
were pressed together, crushing 
the digits inside. Some 
thumbscrews even featured 
metal spikes on the bars to 
increase the pain. 
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Gi Choke pear 


Also known as the ‘pear of 
anguish’, this device was 
inserted into one of the 
victim’s orifices, such as 
their mouth. When the key 
or crank was turned, the 
‘petals’ of the pear-shaped 
end would slowly open up, 
painfully mutilating the 
victim’s insides, but not 
causing death. 


¢ ad id 


Usually reserved for 
blasphemers, this metal rod with 
two prongs at either end was 
attached to a leather strap 
around the victim’s neck. One 
end would pierce their chin, 
while the other dug into their 
sternum, causing immense pain 
if they attempted to move their 
jaw or neck, making it more or 
less impossible to talk. 


my of 


a Leal 


Deceptively designed to look like 
a holy water sprinkler, this device 
was actually filled with molten 
lead, acid or boiling hot oil or 
water. The long handle was 
shaken to shower the victim’s 
body with the substance inside. 
This caused horrific burns and 
was potentially lethal. 
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Nowadays, when you're feeling unwell, you can 
visit a clean hospital and receive tried and 
tested treatments from a doctor with years 
of medical training. We often take this 
modern medicine for granted, but our 
ancestors throughout history were not 
quite so lucky when it came to health 
care. In medieval England for 
example, poor hygiene and filthy 
living conditions meant that 
disease was very common. 
However, with little 

knowledge of the human 
anatomy, many illnesses 

were attributed to 

witchcraft, demons, the 

will of god or even the 

positions of 

celestial bodies. 

Trepanning, 

which involves 

drilling a hole into 

the skull, wasa 

popular treatment 

prescribed to allow the 
disease-causing evil spirits trapped 
inside to escape. Others believed that 
diseases were caused by the fluids in 

the body becoming unbalanced, and so 
bloodletting - draining the blood froma 
particular part of the body —- was thought 
to restore things to normal. 

The ‘doctors’ who carried out these 
procedures were usually monks, as they 
tended to have a basic medical knowledge, 
or barbers or butchers who simply had the 
right tools for the job. The equipment used 
was very rarely sterilised, as little was known 
about contamination, and procedures were 
carried out with no form of anaesthesia to 
numb the pain. It’s no wonder that 
people would put off 


seeking treatment for as q( wal 


long as possible! 
O80 | How It Works WWW. HOWITWORKSDAILY.COM 


* * * _* . © . © © . . ® . 











World War I soldiers described the smell of chlorine gas as ag combination of pepper and pineapple 
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Chemical weapons 


lf 
On 22 April 1915, Germany shocked the world by 
launching the first large-scale gas attack in war. After 
waiting several weeks for the wind to blow in the right 
direction, German soldiers released clouds of chlorine 
gas near the enemy trenches in Ypres, suffocating the 
unprepared Allied troops. Although The Hague 
Convention of 1899 prohibited the use of poisonous 
weapons, Germany justified its actions by claiming that 
France had already broken the ban by deploying tear 
gas grenades in 1914. The chlorine gas attack 
kick-started a chemical arms race and by the end of 
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Phosgene 
This colourless gas with a musty odour 
reacts with proteins in the alveoli, tiny air 
sacs found in the lungs. This leads to fluid 
in the lungs and eventually suffocation, 
but the symptoms can take up to 48 hours 
to manifest. 


Chlorine 
Appearing as a pale green cloud witha 
strong bleach-like odour, chlorine gas 
reacts with water in the lungs to form 
hydrochloric acid. This damages the lung 
tissue, causing coughing, vomiting and 
eventually death. 





Napalm is a flammable liquid with a gel-like 
consistency, allowing it to stick to surfaces 
easily. In a bomb, it is combined with gasoline 
or jet fuel to explode upon impact, capable of 
burning at more than 2,760 degrees Celsius. 
Even the slightest contact with skin can result 
in severe burns and it can also cause death by 
asphyxiation. When ignited, napalm generates 
carbon monoxide and removes oxygen from 
the air, suffocating those in the vicinity. 


Developed by the Byzantine Greeks in the 7th 
century, Greek fire was a flammable liquid that 
could burn on water, making it particularly 
effective for naval warfare. This liquid fire was 
sprayed at the enemy using early flamethrower 
devices, or thrown in primitive hand grenades, 
creating a raging fire that could only be 
extinguished with sand, vinegar or urine. The 
true ingredients are a mystery, but scientists 
believe it could have contained petroleum, 
sulphur and pine tar. 


38 states Otiginally ~ 
signed the Geneva 
Protocol to ban the uSe 
(oy res a= pal ler=] mi =y-) tela 
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Mustard gas 
With the odour of garlic, horseradish or 
sulphur, yellow-brown clouds of mustard 
gas cause chemical burns on the skin, 
eyes and respiratory tract, leading to large 
blisters, temporary blindness and 
shortness of breath. 





















- * © 


World War I, around 50 different chemicals had been . 
used on the battlefield. The most prevalent were “4 
chlorine, phosgene and mustard gas, which would 

result in slow and painful deaths if soldiers were ( i] 
exposed to large enough quantities. Eventually, gas 

masks were developed for protection, but chemicals 


such as mustard gas could still cause horrific blisters if ? 
they came into contact with the skin. Among the most 
devastating chemical weapons are nerve agents, such 
as sarin, which attack the nervous system. Even small 
concentrations can be lethal, killing in mere minutes. 
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Sarin 
Colourless, tasteless and odourless, this 
gas blocks normal communication * 
between nerves. The nerve signals 
become stuck ‘on’, and muscles are 
unable to relax. This can lead to spasms, 
paralysis and asphyxiation. 
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Greek fire was 
the napalm of 
its day, but its 
ingredients are 
a mystery 
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ven before the outbreak of war in 1939 and 

the Blitz that followed, the British 

government realised the nation was 
vulnerable to air raid attacks. Free to those who 
earned less than £250 ($378) a year, the Anderson 
shelter was designed to protect up to six people 
from bombings, and was made of curved, 
corrugated steel sheets. 

First, a shallow pit was dug in the ground, then 

the six steel sides were put in place and bolted 


Inside the safe haven 


See the design that withstood the 
Blitz attacks 


Iron panels Ts | 
Six corrugated steel sheets 


were bolted together to form 
the shelter’s walls, with steel 
plates at either end. 


Decoration 

This was kept to a 
minimum, although 
most Anderson 
Shelters were 
personalised with a 
few home comforts. 


Cramped 
conditions 

Six people were 
expected to pile into 
a single shelter, 
which left little 
room once the air 
raids began. ll 


How were Anderson 
shelters built? 


These shelters protected millions during WWII 













So ees AT dérSon Shelia 
LAN : left Standing, even though 4 
together. Once complete, the shelter’s roof was 
covered ina thick layer of earth. By the end of 
World War II, more than 3.5 million of these 
structures had been erected throughout the UK. 
Due to their corrugation, these shelters stood 
up to nearby bomb blasts surprisingly well. The 
explosive force of a bomb would easily buckle flat 
metal sheets, but the curved structure of 
corrugated steel absorbed this energy without 
sustaining a huge amount of damage. 


«had been destroy 
— hy ae Se 





To prevent the shelters from rusting, their 
steel sides were coated in zinc, a process known 
as galvanisation. Zinc reacts more readily with 
oxygen, which means it rusts instead of the iron 
and the shelter’s walls remain intact. Asa result, 
some Anderson shelters are still standing, more 
than 70 years after the war ended. * 


Protective cover 
Soil, which had to be a 
= minimum of 38 centimetres 


deep, was placed on top of 
the shelter to protect the roof. 


4 Stirrup pump 
- The fire extinguishers 
noes of their day, these 


pumps could put out 
small fires with water. 





Deep 
foundations 
A 1.2-metre deep 
hole had to be dug 

for the shelter to 
go in, so that the 
walls and roofing 
wouldn’t stick out. 


Self-assembly 
Supplied with only a 
flat pack kit, families 

had to build the 
shelters themselves. 
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ERDL camouflage is named after the US Army's Engineer Research & Development Labs where it was developed 


Anatomy of an coslinle combat 
American GL 
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— M1 helmet 
Sw Standard US Army issue since 
r \ VVAWY/I Fin cele) SMe) an-la Mel velnalicictel Vaaalelels 


The Vietnam War SAW aibtexe Ayn their helmets with peace signs The soldier’s zip-up flak 
changesinuniformregulations i: avis Re vests provided protection 


re] alelr-Waalcy-] acme) mine) alale 

s the US involvement in the Vietnam one srenades. 
War escalated in the 1960s, 
American troops were sent in to 
fight alongside the South Vietnamese 
soldiers against the communist North. 

During this time, the US Army uniforms 
dak balexcremobe-beat-lm(er-UUhvanomeslcy-1mael= 
requirements of jungle combat. A 
lightweight, wind-resistant material 
called poplin was used to keep soldiers 
cool in the blistering Sun. This fabric 
also featured a threaded grid design 
id etclmovacacvoliclemimaaeeomalojeysercmmnvenlls 
drawstrings around the trousers 
helped to keep creepy crawlies out. 

Footwear also became an issue, 
as the standard leather boots started 
rotting away in the damp conditions. 
They were replaced by a hybrid boot, 
(efo)otssisimustemeya-Wl-r-1nel-yaolelmneeemercua-valel | 
quick-drying canvas on the sides. Two ) 






























Utility belt 
Fitted with a canteen and 
extra ammunition, these 

belts were heavy and 
ror0 | anlel=)gcxe)aa(=em olUimers|aalare 
vital supplies. 












Smoke grenades 
The coloured smoke was 
Uis{=te Kom ©) ge)Vd[e(=Mexe)\(=) om a al-la. 
FeVaYel late po) al-sowr-lave mle (=yal ui aN, 
1uat=m (oler-)u(e lame) mer- IU l-]iu(=som 
M16 rifle 
Replacing the heavy M14, 
this rifle was lightweight and 
fo) gole[Ulex-\o- Malle |ame-]k-Remilaee 


drainage eyelets were included to help N ( 
allow water escapeandreducetheriskofa 
nasty condition known as jungle rot or | iy » 
trench foot. — 

The Vietnam War also saw the d <= 
introduction of the ERDL camouflage —_—— —— 


pattern. The mixture of shapes coloured i-| 
either brown, green, beige or black blended Y/ 4 
well with the jungle environment, and f | 
would go on to be adopted by numerous 
armies around the world. y, 
Many of these innovations, along with | 
idalswbeleceronelceleyeneyanel-w\Vblopaui(-mmolclerbents p= — 
vital to the soldiers who served in the | 
Vietnam War, and some are still used 
today by the US Army. ® _ 
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Luis hasa degree in 

, zoology from Oxford 
and another in 
real-time computing. 
He builds steampunk 
7 gizmos and electronic 
gadgets, and his articles about 
science, tech and nature have been 
published around the world. 


Laura Mears 


Laura studied 
biomedical science 
at King’s College 
London and hasa 
master’s from 
Cambridge. She 
escaped the lab to pursue a career 
in science communication and also 
develops educational video games. 


Alexandra Cheung 


Having earned 
degrees from the 
University of 
Nottingham and 
Imperial College 
London, Alex has 
worked at many 
prestigious institutions, including 
CERN, London’s Science Museum 
and the Institute of Physics. 
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Fascinated by the 
=) underwater realm, 
| | Ellastudied marine 
- " biology and 

~~ §) oceanography at 
university before 
embarking upon a career in 
publishing. She adores the natural 
world and loves researching and 
writing about the wonders within. 
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Shanna describes 
herself as somebody 

_ who knows alittle bit 
. abouta lot of 
different things. 
That’s what comes of 
writing about everything from 
space travel to how cheese is made. 
She finds her job comes in very 
handy for quizzes! 













084. | How It Works 


Want answers? 


Send your questions to... 


) How It Works magazine © @HowltWorksmag 


howitworks@imagine-publishing.co.uk 


bol or-|alammel a h\i--Mer-] ar-| mile |ais 
speed, as it would require an 
Tavaialikem-laalelelalameym=lallaehVane 
reach this velocity 





Would headlights work when 





Alfred Cross 

It’s impossible for a car to travel at light speed. 
Einstein’s special theory of relativity states that an 
object with mass cannot move at the speed of light. Your 
car would have to accelerate with an infinite amount of 
force in order to reach close to light speed, which of 
course couldn't ever happen. Ifwe assume that a car 





driving at light speed? 


could travel at almost the speed of light, though, the 
driver would not notice a difference because they would 
not be moving relative to the headlights. An analogy to 
help understand this is that fire engine drivers don’t 
notice the pitch of their sirens changing as they are 
travelling, because relative to the source of the sound, 
they aren’t moving. SF 


Why do women 
usually live longer 
than men? 


Alberto Benito 

There is no definitive answer to this question, 
but the global spread of this disparity suggests 
that it is linked to our biology rather than to 
differences in lifestyle. One theory is that 
women’s two X chromosomes mean that they 
have a spare copy of X-linked genes, providing a 
back up in case one malfunctions. Another is that 
lower iron levels brought on by menstruation 
protect women from cardiovascular disease. 
Alternatively, the male hormone testosterone may 
somehow shorten the life expectancy of men. 
This hypothesis arose from studies into eunuchs 
and sterilised men, who usually live longer than 
their testosterone-producing counterparts. AC 
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How are 

TV shows 
scheduled In 
the US? 


Alessia Bowen 

™ The 50 states are covered by six 
time zones - Hawaii-Aleutian, 
Alaska, Pacific, Mountain, Central 


and Eastern. TV networks broadcast 
at least two separate ‘feeds’ to 
different time zones, where some 
are delayed so that they air at the 
d(e]avemejaa(-Mlamua(-m ele |alme)(-(ercMm at-\o1K-]a0) 
time is used as the default, followed 
by atime zone adjustment note, 
such as, “Tonight at 8/7 Central”. 


= For live TV, networks can either 
Why are wine bottles tape-delay the broadcast, so that it 


A green glass bottle stillets 
you see the red wine inside 





\WFeTanVaes) oXe)adlaleme\Vclp 


Y. still airs everywhere at say, 9pm, or —_ broadcamtcct , ae 
usually green " show it live anyway - this is often | reqardies dade oe timb ae 
Elsy Millhouse the case for sports games. EC 





Wine bottles are commonly thought to be 
green because the colour protects the wine 


from the chemical changes caused by the ; How does anaesthesia work? 


ultraviolet (UV) wavelengths of sunlight. But this ’ . 
explanation doesn’t stand up to scrutiny, te . ry > Kristen Wright 
=) “~ 
=) | ‘ 





because clear glass absorbs UV almost as well. Anaesthetics prevent nerve signals from reaching the 
What’s more, white wine is more sensitive to brain. Local anaesthetics block signals in just one area, while 
light damage than red, yet is normally stored in general anaesthetics affect the whole body. 

clear bottles. Green glass is easier to make than Nerves send messages using electrical signals. For this to 
clear glass, though, as many of the natural work, positively charged sodium ions need to move through 
impurities already give glass a green colour. So it channels on the surface of nerve cells. Local anaesthetics 
may be that green glass was originally used block these channels in a particular part of the body. 

simply because it was cheaper and later General anaesthetics work differently. Rather than 
became traditionally associated with wine. LV blocking nerve signals, they disrupt them as they travel 
towards the brain. The mechanism for this is still unclear. LM 
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Why are there no Fresh fruits are an 
vitamins from F to Z? excellent source of 


Meryl Pike 
There is actually a Vitamin K, also known as phylloquinone, which is required for 
bone formation and blood clotting. There was a rash of discoveries of various 
micronutrients in the first half ofthe 2oth century and many compounds that were 
initially identified as vitamins were later either found to be non-essential (suchas 
vitamin J, catechol) or required in such large amounts that they didn’t really count 
as micronutrients (including vitamin F, essential fatty acids). A lot of the others 
turned out to have very similar functions and were grouped 
together as the Bvitamins. 
Newly discovered vitamins weren't 
given names in strict letter order, 
but at one time vitamins G, H, 
L,M, 0,P, PP, Sand U were 
allrecognised. Nowadays 
onlyA,C,D,Eand Kare 
counted as true = 
vitamins, as well 
as the Bvitamins 
fromito3and 
5 to7, plus Bo 
and B12. LV 
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Bumblebees live in small nests, 
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How much iron Is 
there in your blood 
rlikeye(=) ag [=] og 


Adults have 12 to 17.5 grams of 
lavelevanreye}(e)e)lamiam-\\21a’aeLOl@)an| movi 
1) Loxole Prexe) ait=liallaeme]aele ne meROso 
grams of iron. In the entire five to six 
fidasssme) ime) (oleXe Mi amzel0] am olelehVAmual-li 
adds up to around 2.5-3 grams. LM 
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Do bumblebees make honey too? 


Bo Underwood bumblebees produce a more simplified ‘honey’ in Red blood cells are 
™ The bumblebee is bigger, rounderandfuzzierthan small quantities. This is actually nectar that the amo with hageige robin 
inate) (=\o1 0] (-sowmret-lolamexelale-lialiare) 
the wasp-like honeybee. Both bee types are crucial queen bumblebee deposits into wax pots. She uses four iron atoms 
in the pollination of plants and crops and they both this to provide food for herself and her young. Itis , 
gather nectar to produce honey. However, the honey in the sense that it’s produced by bumblebees What was the te 
substance made by honeybees is produced in large from nectar, but it probably won't taste that good on national anthem? 
1 é heal ; fa A There is some debate, but Japan is 
volumes via a rather long-winded method, whereas your toast! EC credited with having the first words 


to a national anthem, and the 
Netherlands lays claim to the first 
‘aye 1U(e)at-) W-laldatclan meals) (ele \vam 0s 


— 
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Japan’s lyrics date back to the 9th 
century, and the Dutch melody was 
first used in 1572 


What is the brightest 


star in the sky? 
Oliatslanuarclamun(cwelel ames) ia l0icm omaala 
brightest star visible from Earth. 
yA\ Ye Mor=]|(=1e mu gous Dye le me) te] om | macer=( e480 Te] |AVz 
a binary star system and is just 8.6 
light years away. SF 





How does light travel - = * Y. 
down a fibre optic cable? 


Dev Chandra iu ate]amuat=meif-lele|/alemm MatoMeliics)a-)arexctom lal lavel(exctome) i 
Fibre optic cables contain a core of very fine glass or _ refraction cause total internal reflection, which means 
plastic fibres, which are surrounded by plastic or glass _ that the light stays trapped in the core. Pulses of light 







110] ol=Kom ore] |(=ce moi t-Lele||avemm-velelin(e) ate] mt=\2lecemlacealelellale mr] -)a] anual qele le] amual=Mor-]0)(=Mer-]aa’mel-lit- Marea Ulellale move) 0 late ls Sirius A, captured by the Hubble 
buffer and jacket, protect the core from moisture and lave Mi aat-le(=ssml a] 0) q=We) eli (emer-] 0) (-tom-] co Melsi-1e la) Telescope with its tiny satellite Sirius 
other damage. Light travels easily through the fibres, ined (orolaavanlelal(er-iue)atcrmantsve|(erlarcem lfe]aielarem-lalem ante] any B at the lower left 


because their material has a higher index of refraction other fields. SF 
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The salt in the Dead’Sear 

“ crystallises on the shore= 
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Can you blow 


bubbles in space? 


a esl aetoM Cle] are(=) 
In the vacuum of space, 


'o) (ow ale m= el6]0)0)(=M win) elesss>)] 0) (=e 


For a start, there is no air to 
'o)(o)VValalkem ele] 0)e)(=\cemolUim=\(-)a Ni 
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~ 
Water naturally 
iKe)gantcmialkemiley-i alate) 
bubbles that never 
Op in zero gravity 


__ into salt stalactites 
Pt ¢ V{olU 8) ce)0 le] nimvolelme)uVarals 
wouldn’t work. To create a 
bubble, the air pressure inside 
and outside need to be equal. 
In space, there is no pressure, 
so the bubble would burst 
Talsit= [ald \VAl m(@)YAV(2"(2) VOLE Mexol0)(e| 
'9)(o)wymol0]0) 0) (=\oe)ai- Bs) 8y-[e.2\01 ¢-] i 
and they would actually last 
Koyate(=1em@) am t-]ataMmele-\V/1AVa ee) |< 
the soap downwards, causing 
the top of the bubble to thin 
out and burst. In zero gravity, 
the thickness would remain 
equal, so the bubble wouldn't 
fete)eeseN=s<13)] \VAr=) a 





Loraine Schulz 

™@ The Dead Sea, which lies on the border between Israel and Jordan, 
has an average density of 1.24 kilograms per litre, allowing bathers to 
float in the salty solution. In the hot Sun, about 3.2 million litres of water 
evaporates from the lake every day, but less than that flows in from the 
river Jordan, or falls as rain, so the water is getting more concentrated 
over time. It currently has ten times the normal salinity of sea water, at 
340¢ of salt in every litre. The volume of the Dead Sea is approximately 
114 trillion litres, so it contains around 39 billion tons of salt! LV 





Rats make high- 
pitched 50 Hz 
squeaks when 
they are tickled 


Why don’t ballet 
dancers get dizzy? 


Dominic Marcella 

M® When a ballet dancer pirouettes, they don’t 
rotate their head at a constant speed. Instead 
they will use a technique known as spotting, 





animals 
laugh? 


Max Cranley 





which reduces dizziness. They focus ona ®@ Actually, they do. 

particular point as they turn, twisting their neck Researchers at Bowling 

in the opposite direction to offset the rotation of : : 

their body. When the neck will twist no further, _ =e Green State University, 

the ballet dancer snaps their head round quickly SS = | Ohio, showed that rats make 
as far as it will go , to catch up with the body. = = eet — high-pitched chirping 

This means that for most of the time, the a awe i. eer ner Reet 
dancer’s vision isn’t spinning, so their brain can sounds when tickled, an 
maintain a nearly constant picture of the view those that laugh more 


ahead and they don’t become disorientated. LV perform better in tasks that 


measure positivity. Tickling 
rats has also been found to 
reduce their stress levels. It 
might not be exactly like 
human laughter, but it 
seems pretty close. LM 


Try looking at a 
fixed point if you’re 


feeling dizzy! ; “y we a . oe 
in a F ‘ ' . 


Are snakes immune to 
their own venon?1? 


Ken Cho 
M® Most snakes have antibodies that act against 
their own venom, but they rarely need them 
since they’re hardly ever exposed to it. Venoms 
are proteins, which exert their effect when they 
enter the victim’s bloodstream. If a snake 
swallows some venom, its digestive system 
breaks down the toxic compound, rendering it 
harmless. Snakes produce venom in a 
i specialised gland; the poison is then channelled 
1 into a duct leading to their fangs. Stored in this 
isolated chamber, the venom is prevented from 
spreading to other parts of the body or entering 
the circulatory system. AC 





Snakes handle their own 
venom very carefully, limiting 
any exposure to themselves 
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Why do dogs tilt 
their heads? 


Abraham Chapman 

Seeing an adorable dog tilt his head may be 
one of the cutest things to witness — it’s as ifyour 
furry friend isa little confused. There area few 
different theories as to what makes dogs do this. 

One explanation is that the dog rearranges his 
stance in order to better hear or see us. Whena 
dog looks at you, their muzzle is blocking half of 
the view; cocking their head allows them to geta 
better look, especially at our faces, enabling 
them to adeptly judge emotional and physical 
clues from the way we act. 

Another reason for the head tilt is that Fido 
knows we squeal with delight at his cuteness 
when he does it and shower him with love. Dogs 
cotton on to this very quickly, and as animals 
that are eager to please and bond with their 
owners, they will use it to their advantage! EC 
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Why do some languages have Gendered nouns are common in 
male and female words? De se at ape sal 
c* 4" “44 

Lara Carlos biG . : x 
Given the timescales over which language has evolved, and the absence of we hg K€ Pad ae 

written communications until relatively recently, it’s very difficult to determine e°.% $950" oot je af 

why some languages have what’s known as grammatical gender. Male and ~ a et . oe ae gq? 

female nouns appear in about half of languages worldwide, and are particularly et o i o2tee at . , 

common in Indo-European tongues (including French, Russian and Hindi), pels g*. ot * y - 

suggesting that these languages evolved from an ancient language, Proto- ; . oy © yt “ot 

Indo-European, that also used gender. In the case of Proto-Indo-European, aw . / “ye a® 

linguists theorise that grammatical gender may have been used originally to aaa rf Pe 

distinguish between animate (male) and inanimate (female) objects, although an ‘ - : »* 

this pattern is no longer visible. AC Oat ’ 


This image of the How do spacecraft avoid asteroids? 


asteroid Gaspra 
was taken by the i ell Carmen Cruz 


Galileo spacecraft a, There’s no way to be totally sure that a spacecraft won't collide with an 
; asteroid, but it hasn’t happened yet for a few reasons. We can track many 
asteroids, all the way down to ones that are just one centimetre in size, if 
they’re in low-Earth orbit. And although we've identified more than 80,000 
asteroids in the asteroid belt, we have a good sense of how they’re distributed 
| F by size and it’s not crowded out there. Finally, the trajectories of spacecraft are 
bubblegum needs == carefully planned out in advance, and small adjustments are made as 
stretchier than chewing 4 necessary along the way. So other than collisions with tiny micrometeorites 
gum but less sticky J about the size of a grain of sand - which are considered normal wear and tear 
- the chance of running into an asteroid is very low. SF 
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Bubbles scatter light more 
effectively than liquid, giving 
them a lighter colour 





Why do groups of bubbles appear white? 


Elliot Bird 

™ Bubbles absorb very little light. Instead, they 
reflect and refract the light around them in all 
directions, making them appear white or pale. A 


bubble is made up of a very thin wall of liquid with 


air or gas trapped inside. By contrast, a droplet of 
a similar size contains far more liquid, allowing it 
to absorb certain wavelengths of light and 


therefore appear coloured under white light. When 





Olfactory receptor cells (purple) 
are nerve cells responsible for 
detecting odour molecules 


you look at a single bubble it may appear 
colourless, but when they are sitting side by side in 
foam, light travelling through the bubbles is 
scattered in all directions, making them look 
white. In a glass of cola, the liquid contains 
pigments that absorb blue light but reflect green 
and red, making it look brown. However, the 
bubbles on top scatter all colours of light in all 
directions, resulting in a much paler colour. AC 


Why do we get used 
to smells? 


Alan Brannigan 

® The medical term for this phenomenon is ‘olfactory 
fatigue’, and it’s actually a really useful feature of the human 
body. We rely on the ability to pick out strange smells for 
survival. Odour molecules interact with specialist olfactory 
receptor cells inside the nose, triggering electrical signals that 
pass upwards towards the brain. But, like other sensory cells 
in the body, they will gradually stop responding, preventing 
the brain from being overloaded with a constant, repetitive 
signal. The brain itself also seems to be involved in filtering 
which incoming smell signals to take notice of, and which it 
can ignore. LM 





We might look symmetrical dheenik 


we have two 
hearts or 
two livers? 


Sharon Hardwick 

® The body is mostly symmetrical 
from the outside, but inside, not 
everything is mirrored. Beginning in the 
third week of pregnancy, the 
developing embryo goes through a 
process known as gastrulation, where 
it forms three distinct layers and starts 
to fold inwards to form a tube. This 
process gives us our left and right 
symmetry. After this, some organs, like 
the liver, grow from a single bud, 
resulting in one organ. Others, like the 
lungs, grow from a bud that splits in 
two, and some, like the kidneys, grow 
from two entirely separate buds. In our 
early development, we do have two 
hearts but these fuse together to make 
one heart with four chambers. The 
reason for the differences between 
these organs comes down to evolution 
- we don’t need two hearts or two 
livers to survive. LM 


on the outside, but inside (ho 
it’s a different story” . 


_— 
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Modern clock design was 
influenced by sundials 


Why do clocks run 
clockwise? 


Nathan Klein 

™ Long before the conventional clock was 
developed, the Sun was used to discern the time of 
day. Pioneering ancient Egyptians were able to tell 
the time by looking at the shadow thrown by a 
gnomon onto a flat dial (a handy contraption that 
we now know as a sundial). In the Northern 
Hemisphere, as the Sun tracks across the sky, the 
shadow thrown by the gnomon appears to move in 
a clockwise direction. This design then directly 
influenced the design of the modern clock. Were 
clocks to have been first invented in the Southern 
Hemisphere, they would probably have been 
designed to run anti-clockwise, as this is the way 
the Sun appears to move. EC 


New Brain Dump ts here! 


® Don’t miss issue 32 of Brain Dump, the digital sister 
magazine to How It Works, when it lands on the virtual 
newsstand on 7 January. Ever wondered who would win 
in a fight between a rhino and a hippo? You'll find out the 
answer to this question and more inside this jam-packed 
edition. You will also discover why spiders aren’t classed 
as insects, whether elephants 

can jump and why reflections ¢  — 
are reversed! Every edition is em 
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packed with stunning images 
and facts to impress your 
mates with. Download the 
new issue of Brain Dump 
every month from iTunes 
or Google Play. If you have 
a burning question, you 
can ask at www. 
facebook.com/ 
BraindumpMag or Twitter 
- the handle is 
@BrainDumpMag. 








@ Facebook ©OTwitter © €mail 


How It Works magazine @HowltWorksmag howitworks@imagine-publishing.co.uk 


Get in touch 
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Breakin 
The Chains 
Of Gravity: 






The Story of 


Spaceflight 
before 


Explore the thrilling 
history that led to Neil 
Armstrong's small step 


Author: Amy Shira Teitel 
Publisher: Bloomsbury Sigma 
Price: £16.99 / $27 

Release date: Out now 








he US national space agency hasa long 
and famous history peppered with 
world-changing breakthroughs, but the 


story of what came before it is not so familiar. By 


the time NASA was established by President 
Eisenhower in 1958, non-Soviet scientists had 
already made great progress in building rockets 
to travel beyond Earth's atmosphere. 
In her debut book, Amy Shira Teitel tells the 
story of the characters, rivalries and scientific 
breakthroughs that led to the agency’s creation, 


and does so ina wonderfully engaging way. In the 


prologue, Teitel writes: “Spaceflight is part of our 

shared human history and shouldn't be an opus 

accessible only to initiates. It should be available 
to everyone interested in exploring this rich 
history”. In the pages that follow she relays the 
Space agency’s thrilling backstory in a way that 
even non-space-nerds will find fascinating. 

The book begins with the explosive rocket tests 
carried out by German scientists in the 1930s, 
paving the way for the world’s first rocket, used to 
devastating effect in World War II. After the war, 
the focus shifted from weaponry to spaceflight 
and the space race between America and Russia 
quickly gained pace, inspiring a range of 

outlandish theories and innovations that went on 
to make spaceflight possible. 

Asa popular blogger about all things space, 
Teitel’s enthusiasm for the subject is palpable on 
every page. A fantastic use of description helps to 
draw you into the story and really experience the 
events that shaped space travel for yourself. 
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Interesting details and facts are woven into the 
main narrative, which delivers an easy and 
entertaining read that isn’t bogged down with 
technical jargon. Those who want some extra 
nuggets of information can find an extensive 
glossary of people, places and organisations at 
the back, as well as a detailed bibliography. 





Breaking The Chainsis by no means a 
comprehensive guide to pre-NASA spaceflight - 
as Teitel admits, she had to simplify the story to 
reach a broader audience. However, by focusing 
ona few quirky characters and their dramatic 


stories, she has created a gripping book to rival 
big screen blockbusters. 
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1 & 2 Manual 


Under the hood of the long- 
serving deep-space probes 


Author: Christopher Riley, 
Richard Corfield, Phil Dolling 
Publisher: Haynes Publishing 
Price: £22.99 / $36.95 
Release date: Out now 


Haynes Manuals are well-known for their 
practical, illustrated guides to 
maintaining and repairing cars and 
motorcycles, but this new release looks at 
some more out-of-this-world vehicles. 
Voyager1and 2 were launched in 1977 
and have since travelled billions of 
kilometres to escape our Solar System 
and explore further into deep space than 
ever before. This book celebrates their 


Losing 
The Signal 


The rise and fall 
of BlackBerry 


Author: Jacquie McNish, Sean Silcoff 

Publisher: Random House Business Books 
Price: £18.45 / $27.99 
Release date: Out now 





At its peak, 
BlackBerry 
controlled half of the 
US smartphone 
market, yet only six 
years later this 
number has fallen to 
less than one per 
cent. Here, the 
authors narrate the incredible rise and 
fall of the mobile phone company, 
focusing on the stories of Mike 
Lazaridis and Jim Balsillie, who turned 
their dream of wireless email into 
reality. Although based entirely on fact, 
the novelised style makes the booka 
compelling read. It details BlackBerry’s 
humble beginnings above a bagel 
store, how it became the world’s fastest 
growing company, and why everything 
fell away so spectacularly. It’s hard to 
criticise the content or the style of this 
surprisingly entertaining book. 
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NASA Voyager 





epic journeys, using fascinating images 
and technical drawings to detail how the 
missions and the probes themselves 
work. Some of the artwork is a little tricky 
for engineering novices to understand, 
but the text does well to convey the 
amazing story of these long-serving craft. 
There’s also an excellent guide to the 
contents of the Voyagers’ famous Golden 
Record time capsules. 


Natural 
Histories 


The wonders 
of wildlife 


Author: Brett Westwood, Stephen Moss 

Publisher: John Murray 

Price: £25 (approx $37) 

Release date: Out now 
Written to 
accompany the 
BBC Radio 4 series 
of the same name, 
Natural Histories 
details the 
relationship we 
have with 25 
wildlife species, 
from sharks and lions to brambles and 
coral. It explores the history, biology 
and cultural importance of each, 
explaining how they have changed our 
understanding of the world around us. 
The facts about lesser-known species, 
such as sea anemones, area highlight; 
in many ways they bring more to the 
book than the chapters on big hitters 
like dinosaurs. It’s probably a little 
heavy-going for younger readers, but it 
will make you appreciate the 
incredible natural world that 
surrounds us. 
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Build a spectroscope 





With the help of diffraction, you can reveal light’s rainbow of colours 
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Make a viewing hole 

Place a CD on one side of a box 
just over a centimetre from the 
box’s edge, and draw around the 


circular gap in the centre of the CD. 


Centre your cardboard tube over 
this circle and draw around its 
edge, then move it slightly to the 
right and repeat the process. This 
will create an oval, which you can 
cut out using scissors. It needs to 
be wide enough for the tube to fit 
in at an angle. 


Install your light slit 

To create your light slit you 
should ideally use two razor 
blades, but if you can’t get hold of 
these or you aren’t comfortable 
handling them, use two business 


cards or two cardboard rectangles. 


Set the edges of the two blades 
over the hole you cut in Step 2, 
leaving a very small gap between 
them that is the same width at 
both ends. This will ensure that 
the light diffracts (splits apart) 
evenly when it enters the slit. 
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Complete the assembly 

Insert your cardboard tube 
into the first hole you made, 
angling it towards the CD. Perform 
atest run before you tape it in 
place by pointing the slit towards a 
light source and checking that you 
can see the full spectrum of light 
through the tube. When you're 
happy with the results, complete 
your spectroscope by taping the 
tube securely to the box. Now you 
are ready to tell the difference 
between different light sources by 
examining their spectrum of light! 


Position your light slit 

Place the box flat on the table 
so that the oval you've just cut is on 
the side facing you. Take the CD 
and place it in the top left-hand 
corner of the side facing the 
ceiling, and draw around its 
central gap to show its position. 
Cut asmall rectangle roughly 0.5 
centimetres wide and 2.5 
centimetres tall, with its base in 
line with the bottom of the circle 
you've just drawn. 


Tape down your CD 

Next, you need to tape your CD 
to the inside of the box, on the 
opposite edge to your light slit. Its 
edge must be the same distance 
from the box’s edge as the slit, so 
measure this witha ruler 
beforehand. Place the CD with the 
shiny surface pointing towards 
the light slit; this will reflect the 
light to the viewing tube. The box 
must be completely light tight, so 
cover the edges and any gaps with 
aluminium foil. 


In summary... 

White light is made up of 
wavelengths ranging from red to 
violet, producing a continuous band 
of colours when viewed througha 
spectroscope. The viewing slit 
diffracts the light into different 
wavelengths, which reflect off the 
CD and into the eye. Try comparing 
a flashlight and a candle! 


Disclaimer: Neither Imagine Publishing nor its employees 
can accept liability for any adverse effects experienced after 
carrying out these projects. Always take care when handling 
potentially hazardous equipment or when working with 
electronics and follow the manufacturer’s instructions. 
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Make a foldable egg 


Extract an egg’s inner membrane and inflate it like a balloon! 





Remove the raw egg 

The first step is to remove the raw egg without 
causing too much damage to the internal 
membrane. Hold the egg over a bowl, and use 
something sharp like a skewer to make a hole in 
either end. The hole at the bottom should be 
larger. Then break up the egg’s yolk and use a 
drinking straw to blow through the small hole; 
the air pressure should expel the liquid egg. Run 
a little water through the empty egg to make sure 
it’s clean. 


In summary... 


Dissolve the shell 

To remove the eggshell, you'll need to 
dissolve it in vinegar. Pour roughly 400 millilitres 
of vinegar into a glass jug and add the egg. Using 
your fingers, gently push the egg under the liquid 
until all of the air inside has escaped. It may take 
several minutes for the air to stop bubbling out, 
so be patient and make sure it’s empty. Leave the 
egg in the vinegar for several days, in which time 
the shell should completely break away from the 
egg and dissolve. 





Inflate the membrane 

You will be left with a rubbery substance 
known as the egg membrane. Rinse it in water, 
gently squeeze to remove the excess and then dry 
it carefully with a paper towel. Once it’s dry, pass 
it between your hands until it starts to fill with 
air. Eventually, it will expand like a balloon! 
Once inflated, sprinkle talcum powder all over 
the outside and try to get some on the inside if 
possible. This will prevent the sides from sticking 
together, helping it to inflate easily next time! 


The acetic acid within the vinegar breaks down the solid calcium carbonate eggshell, leaving the egg membrane. This is a hugely important part of the 
egg; its flexibility and durability allow the membrane to expand as the chick grows, while also keeping it safe. The membrane contains keratin, the 


same protein that is found in our hair and nails. 
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The Sky 
Sprinter blasts 
its coaster car 
to an incredible 
height of over 
two metres. 


PANN 









rath (| 
7 


La 


= Sky Sprinter. 






KAN ; 
A AGN 


Ferris Wh Ah nN 
erris ee 4 i 


Alternate designs 
Each ride has at least one 
alternative structure, 
offering the chance to 
customise its design and 
change the park’s layout. 






Enter adie at WWW. howitworksdaily.com and one lucky reader will win! 
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Illustrations by Edward Crooks 


_Five K'NEX Thrill Rides Sets 


With K’NEX Thrill Rides, children and adults alike can create 
incredible model theme parks. Construct four roller coasters including 
Sky Sprinter and Double Doom, plus an iconic K’NEX Ferris Wheel, for 
hours of fun and a fantastic glimpse into basic engineering. 


What is the name of the machine used 
by engineers to tunnel through rock? 
a) Tunnel-boring machine b) JCB 
c) Underground tunnel driller 


© Thinkstock 






WIN A BINATONE 
U605 SAT NAV! 


Equipped with a large touchscreen, 
this superb GPS system comes 
pre-loaded with maps for the UK 

and the Republic of Ireland. Its 
speed camera alerts are a great 
feature, and you can even control it 
with your voice while driving! 


Up, up and away 


Dear HIW, 
| really enjoy your magazine and | think 
it’s by far the best in the whole world! | 
was watching a hot air balloon the other 
day and would love to know, how does 
it work? 
Thanks, 
Will Rees (Age 12) 


Thanks, Will! Hot air balloons rely on 
the principle that hot air is less dense 
than cold air, and therefore warmer 
air floats above cooler air. To take off, 
modern balloon burners use propane 
gas to heat the air within the large 
fabric balloon, which is called the 
envelope. Once the air is hot enough, 
the balloon lifts the basket 
containing the passengers from the 
ground, commencing the flight. 
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Get in touch 


Want to see your letters on this page? Send them to... 
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How did our oceans form? 


Dear HIW, 
| have a question for you to answer. How 
did Earth’s huge oceans form millions of 
years ago? 
Thanks, 
Noor Al-ossmi (aged 9) 


Today, water covers roughly 71 per 
cent of the Earth’s surface. It’s 
thought that Earth’s oceans have 
been present for roughly four billion 
years, driving the climate and 


Most scientists agree that. asteroids 
released a large amount of water 
when they collided with Earth 


Steering is difficult; the pilot needs 
to find wind that’s blowing in the 
right direction and use it to their 
advantage. To land, a valve at the top 
of the balloon is opened, allowing hot 
air to slowly escape, reducing the 
altitude gradually. 


. . 


Hot air balloons float because the hot air 
inside the envelope weighs less than the 
same volume of cold air outside 






controlling the evolution of life itself. 
When our planet was born around 
4.5 billion years ago it was a molten 
rock, far too hot for liquid water to 
exist on its surface. When the first 
volcanoes began to erupt they 
released steam, which formed 
enormous clouds as the planet 
began to cool. These clouds are 
thought to have given the planet its 
first rainy season; precipitation 
poured from the sky, possibly for 


T-Rex versus 
Dumbo 


Dear HIW, 


Were elephants around at the same time 
as the dinosaurs? 

Thanks, 

Shravan Kumar 


Hi Shravan, thank you for your 
question! Elephants weren’t around 
at the same time as the dinosaurs. 
Modern day elephants can trace 
their ancestry all the way back to a 
tiny mouse-sized mammal called 
Phosphatherium, which somehow 
survived the huge extinction event 
that wiped out the dinosaurs 
roughly 65 million years ago. 
Scientists believe that even the 
most primitive of elephant ancestors 


thousands of years, delivering some 
of Earth’s water. 

However, most of our water was 
provided by a different source 
altogether. During Earth’s early 
years, the planet was continually 
bombarded with asteroids, which 
can contain ice. It is believed that 
when they collided with Earth, they 
released this ice, eventually 
providing a huge amount of water 
for our planet’s surface. 


didn’t evolve until around five 
million years after the dinosaurs 
went extinct. 
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T-Rex died out long before elephants 


walked the Earth 
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The tooth of the | 
matter 


® Dear HIW, 

Should we brush our teeth before or after 
breakfast? Does it impact how healthy 
our teeth are? 

Thanks, 

Emilio Rimini 


Common sense suggests that brushing 
your teeth after breakfast is the best 


Many dentists now 
recommend that 
you brush your teeth 
before breakfast 





- . 


option, as this will rid you of any food 
and debris that could cause damage to 
your teeth. However, the opposite may 
in fact be true. If you’ve had something 
acidic such as fruit juice, these acids 
can weaken tooth enamel if you brush 
within 30 minutes of consuming them. 
Instead, many dentists now 
recommend that you brush as soon as 
you wake up, as this helps to coat the 
teeth with a layer of protective 
fluoride, preventing acidic foods from 
damaging the enamel and dentine. 


“Acids weaken tooth enamel if 
you brush within 30 minutes © 


Your daily dose 
of knowledge 


For an endless supply of facts and answers, visit 
our trivia-packed website, updated every day 
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Conquer Your Bad 
Thoughts and Habits 


Why is it so hard to lose weight, stop smoking, or establish Cognitive Behavioral Therapy: 

— Techniques for Retraining Your Brain 
healthy habits? Why do couples argue about the same issues ae ae ge in c RO ar 
over and over? Why do so many people lie awake at night, 


stricken with worry and anxiety? ‘SAVE UP TO £30 

The answers to these questions—and the path to lasting ) 

change in your life—lie in cognitive behavioural therapy DVD £5498 NOW £24.99 

(CBT). Developed on a proven foundation of neurological rei ere 
CD £3699 NOW £24.99 


and behavioural research, CBT is a well-tested collection es | 
ostage and Packing 
of practical techniques for managing goal-oriented change. Priority Code: 121107 
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. 2 . For over 25 years, The Great Courses has brought the 
role of medical student, physician, psychologist, and Vo) a(e bom co) n=¥anles>jm=1e) 0 (ers) ce)e-mcom paliil(e)arsmuualeM cs] almcemele) 
patient, and learn how to create lasting change in your life. deeper into the subjects that matter most. No exams. No 
homework. Just a world of knowledge available anytime, 
anywhere. Download or stream to your laptop or PC, or 


use our free mobile apps for iPad, iPhone, or Android. Over 
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